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ADVANCEMENT “OF STEAM PLANT’ DESIGN 


AA Continuing Policy 


Twenty-five years ago this month, the first issue of COM 
BUSTION was published. The editorial page of thal issue 
was devoled to a statement of policy from which the following 
paragraphs are quoted. They expressed basic aims and objec- 
lives which have served lo quide us through the past quarter cen- 


fury and will continue lo do so in the future. 


“The accurate interpretation and dissemination of news 
concerning present-day practice, new developments and 
future trends in the fields of fuel burning and steam genera- 
tion are matters of vital importance both to the manufac 
turers who have contributed to this progress and to the engi 
neers who seek to take advantage of the improvements made 
in methods and equipment. An authoritative publication, 
which will devote itself specifically to the purpose of describ- 
ing and discussing these developments, can, therefore, serve a 
very useful purpose. 

This first issue of Combustion reflects its editorial policy 
to publish authoritative articles which will serve to keep all 


f what is being done 


those interested in this field informed o 
and what the future trends are. The editorial pages of the 
magazine will be educ ational ia broad seCTIsSe and helpful in a 
practical way. The authors will include men who are pub- 
licly recognized as the leaders of thought in their respective 


fields.” 
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Though the machine age had existed for more than 3 century Edison made come 
n hes invention of the practi al incandes ent lamp in 1879 he went oF 10 

of the most important industrial structures ever built — the Pear! Sireet central 
powet 5s station wa aner of af industry which, 35 ° source ot 
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Electricity really 
average manuracturin’ 
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on ihe fantasti’ For example, ny generate 
rvwre than 2 goo times the capacity 
Borer which will supply steam 
with a vot 1 volume greater tha 
Menlo Park \ abor atwory comb 

This C+ Boiler, 8. f of fuel to produce 
a kilowatt pour of € d treet. T° \Mustrate 
the signific ance of this ache , J : this country roday were 
generated at Pearl i e consumed 2.4 billion 
tons. instead ol the 178" d : present day fuel prices. 
thes would additional i 1.7 billion dollars 

In thes year of celebt ath 4 Jubilee, Combustion Engineering — 
long associated with progres in era is proud w pay tribute 0 the 
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Don’t GAMBLE on 
Dust Collection Equipment 


It pays to be sure of the results before you buy. That’s why Buell takes 
such special care in the examination of each dust collection problem 
Twenty years of experience has taught our engineers to predict results in 
advance. Before you spend a single penny! 


Such thorough service, combined with Buell’s unique dust collection 
equipment, is paying off for many of America’s leading utilities and 
power plants. 


We invite you to see an actual working demonstration of the new Buell 
Electric Precipitators—the most modern method of dust collection 


Using them singly and in combination systems we have achieved amazing 
performance records. We invite you to look at these records, compare 
results. Don't settle for less than the best. It never pays to gamble! Write 
for our informative Brochure—The Collection and Recovery of Industrial 
Dusts. It’s free! Write Dept. 70-G, Buell 

Engineering Company, 70 Pine Street, 

New York 5, New York. 


MECHANICAL : a 
20 Years of Engineered Efficiency in 
“cr BUST COLLECTION SYSTEMS 
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for Saving Fuel 


The fuel saved by the average system of Hagan Automatic Combustion Control pays 
back the initial investment within the first year of operation. Comparable savings 
continue as long as the boilers last. This is a clear profit, amounting to many times 


the price of the Hagan Automatic Combustion Control. 


The indications and records of Hagan Ring Balance Instruments provide the 


operators with the performance picture necessary for maintaining top efficiencies. 


The design and construction of all components stress durability, accuracy and 
versatility. There is a system of Hagan Automatic Combustion Control and Ring 
Balance Instrumentation for every boiler plant, with any number or size of boilers, 
operating at any steam pressure and temperature, and burning all types of fuels, 


singly or in multiple. 


Hagan methods and Hagan equipment are also operating successfully 
in such applications as: 


Boiler drum water level control, with auto- Recording, indicating and integrating flows 
matic set point adjustments available. of water, steam, liquid and gaseous fuels. 


Superheated steam temperature control. Simultaneous records of two separate flows, 


measured in a single meter housing. 
Steam pressure reduction and spillover 


control. Pressure and temperature compensated rec 


ords of steam and gas flows. 
Draft or pressure control over a continuous 


range from fractions of an inch water col- Density compensated records of boiler drum 


umn to 5000 psig water level. 


Feedwater heater pressure or temperature Pneumatic and electric signal transmission 


control. for remote recording. 


For modernization or extension of existing installations, or for new construction, our engineers 
will be glad te suggest the best system to fulfill your requirements. 


HAGAN CORPORATION 


HAGAN BUILDING ¢ PITTSBURGH 30, PENNSYLVANIA 


Boiler Combustion Control Systems ¢* Ring Balance Flow and 
Pressure Instruments © Metallurgical Furnace Control Systems ¢ 


Control Systems for Automatic and Aeronautical Testing Facilities 
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How a FAN HOUSING Helps Produce 
CHEAPER POWER 


Here's a part of your power-producing 
equipment to watch, because it has so 
much to do with keeping your main 
tenance costs down and cutting draft 
timeouts to a minimum 


When you specify a “Buffalo” Induced 
Draft Pan, you get as rigid and heavy 
a housing as modern engineering can 
produce and still give you a highly 
efficient fan. You get a scroll shape 
that minimizes the powerful erosive 


PRESSURE BLOWING COOLING HEATING 


action of hot fly-ash — with steel scroll 
liners to further delay erosion. These 
are easily replaced from inside or 
outside. All these “Buffalo” features 
combine to give these fans an extra 
margin of long life — in a “hot spot” 
where long fan life means big sav- 
ings. And — many years later — when 
erosion finally necessitates repairs 
“Buffalo” bolted sectional housing 
construction provides accessibility that 
shortens and simplifies the work. 
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“Buffalo” Draft Fans are b 
of equally durable construction rotors, shafts, beari 
and inlet boxes. And the number of “Buffalo” 
carrying on after more than a quarter of a century, 
of this endurance which means economy. Why not 
“Buffalo” engineering by writing today for Bulletin 3 


BUFFALO FORGE COMPAN 
170 MORTIMER STREET BUFFALO, N 
Publishers of “Fan Engineering” Handbook 


Canadian Blower & Forge Co., Led., Kitchener, 
Sales Representatives in all Principal Cities 


Naturally, all other parts of 


ch 
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FORCED DRAFT VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT 
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Attention to Detail is the Reason Why 


Dust-Tight Slip Joint Connections 
between CONICAL Distributor and 
stoker hopper with drive gate to shut 
off the flow of coal to any individual 
stoker hopper section. 
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whatever you buy from Stock Equipment Company is 
of the highest quality. Take the weigh lever system 
illustrated above, for example. Top performance is 
assured because careful attention to design detail 
utilizes a non-welded steel assembly with steel loops. 
Harlened steel pivots and bearings in this light- 
weight unit mean low inertia and faster action with 
resultant greater accuracy. 

No matter if it’s the design of a pivot in a weigh lever 
system, the layout of the overall job of delivering and 
weighing coal between bunker and pulverizer, or the 
fit of a dust-tight slip joint connection (as illustrated 
to the left), Stock Equipment Company takes time to 
rake sure that it is right. This attention to detail 
means a completely satisfactory and overall econom- 
ical job for its customers. 


Pride of workmanship is a common attribute of all 
S-E-Co. employees and is reflected in all items of their 
manufacture, which include the S-E-Co. Coal Valve, 
Soot or Sifting Valve, Automatic Coal Scale, CON- 
ICAL Non-Segregating Coal Distributor, Automatic- 
Under-Bunker Conveyor, and Paddle Type Coal 
Alarm. Next time you need such equipment, why 
not enjoy the advantages of having the best? 


STOCK EQUIPMENT COMPANY 
745-C HANNA BUILDING 
CLEVELAND 15, OHIO 


Specialists in Bunker to Pulverizer 
and Bunker to Stoker Equipment 





Tus Vulcan long retractable soot blower has been thoroughly 
tested. It has dual electric-motor drive. It has the double-helix cleaning 
pattern that has made Vulcan the standard for effective cleaning of 
furnaces up to 5O feet wide. Yet, for all its length, it is compact. It is 
easy to install, operate and maintain. With this new T-30, Vulcan is 
ready to clean your most modern boilers, no matter how large or how 


small they might be. 


COPES-VULCAN DIVISION 


CONTINENTAL FOUNDRY & MACHINE COMPANY 
ERIE 4, PENNSYLVANIA 


problem 


Designers have talked of boilers 
60 or more feet wide, but it had 
seemed impossible to clean them. 
Now this problem has been solved 
by the Vulcan long retract shown 
at the right. With two entering the 
furnace from opposite sides, boilers 
larger than have ever been built 
can be cleaned dependably. 
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American 
Blower 
Reports on progress 
in power 


- 
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7 Up-to-date Ninemile Point Plant, near New Orleans, will mit ynpleted in 1955. LP&LC’s other steam-electric 


have 310,000 kw capacity, when a third steam generating | n erlington Station, has 146,000 kw capacity 
a I 


Louisiana Power installs the first 


American Blower plays an important role in the LP&L Co. expansion program 


Scheduled for completion in early 1955, the third unit ill operating levels and will be capable of producing 
of Louisiana Power & Light (¢ ompany § Ninemil 1,000,000 Ibs, of steam per hour at a pressure of 1,525 
Point Plant will be the first gas-fired unit in th pounds per square inch at 1,005° I 

country to employ the reheat cycle. By re-heating Another unique feature at Ninemile Point Plant 
steam in the boiler after it has done part of tts work will be the commercial use of television for super 
in the turbine, the reheat cycle promises tucl savings he burning of natural gas in the boiler furnac 


is 


and greater operating ethciency! The control room operator will be able to light 


The new unit will boost capacity at Ninemil adjust and control the furnace gas burners without 
' 
Plant to $10,000 kw, Its boiler will stand 14 stories leaving his station! 


high, have a high-speed elevator for rapid access to American Blower Forced and Induced Draft Fans 


Serving home and industry: AMERICAN-STANDARD « AMERICAN BLOWER e CHURCH SEATS & WALL 
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ww Iwo American Blows I uced Draft kans are 


installed in the Ninemile Point Plant. Each has 
, 


capacity of 14 00 clm at 695 rpm with 8.3” sp 


Driving power 1 ired 19 hp 


American Blower Forced Draft Fans at 
Plant. Each has a capacity of 78,000 cfm 


pperating at 1160 rpm requiring 164 hp 


gas-fired unit with reheat cycle! 


have played an important part in LP&LC’s expansion 

program, American Blow also makes Dust Collecting 

Equipment, Fly Ash Precipitators and Gyrol Fluid AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 

Drives for boiler feed pump and fan control CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 
If vou plan to modernize o1 expand yvour facilities Division of American Radiator & Stondard Sanitary Corporation 

alk over your problen with any American Blowe1 


engineer. His knowledge of the application of ai 
<u Wh 


handling equipment and Gyrol Fluid Drives can prove 
invaluable to you, Contact your nearest American AMERICAN & et / BLOWER 


Blower Branch Office, or write us direct. 


TILE « DETROIT CONTROLS @ KEWANEE BOILERS @ ROSS EXCHANGERS « SUNBEAM AIR CONDITIONERS 
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“HOW WE SAVE MORE THAN °90,000 a year 


BY BURNING COAL THE MODERN WAY!” 


says W. H. FISHER, Plant Engineer, Kerr Bleaching and 
Finishing Works, Concord, North Carolina. 


Powering our plant used to take nine boilers—now one does 
the same job using 30% less fuel! 6 firemen now do the work of 
18—thanks to modern coal-handling equipment and automatic 
controls, That's why we say, you can't beat bituminous coal 


burned with modern « quipment.” 
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FOR HIGH EFFICIENCY 
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Above is a view of the plant’s modern, space-saving 


coal-storage silo. To the left is a close-up of the firing 
aisle, showing the spre ider stoker and the main 
control panel, Coal handling is automatic and dust- 
tight throughout. Automatic controls regulate firing 


drafts and feed-water—give maximum efficiency at 


lowest cost. 


Burning coal the modern way can save you 
money, too! First, labor costs can be cut to a 
minimum with up-to-date coal- and ash-handling 
equipment, On top of that, today’s combustion 
installations give you 10 to 40% more power from 
each ton of coal than was possible a few years ago! 

If you're planning to modernize, or if you're 
building a new plant, call in a consulting engi- 
neer. He'll show you how you can get big savings 
by burning coal in a modern plant designed to 
meet your specific nee ds 

America s coal reserves are virtually inexhaust- 
ible; America’s coal industry is the world’s most 
productive and efficient. That’s why coal has a 
future depe ndability of supply that no other fuel 
can offer. That's why, of all fuels, the price of 


coal is most likely to remain stable 


BITUMINOUS COAL INSTITUTE 


A Department of National Coal Association, Washington, D. C. 


is FOR LOW COST 


YOU CAN COUNT ON COAL! 
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HE’S A SPECIALIST ON 
STAINLESS STEEL INLAYS 


@ A dentist? No. 

He’s a Yarway craftsman. In the picture above he is milling 
a gasket groove in the stainless steel facing that is used for this 
important part of a high pressure boiler water gage body. 

The man is important; so is the inlay. 

The man is typical of the skilled workmanship that goes into 
every Yarway gage, blow-off valve, steam trap or other product 
—workmanship that makes no compromise with quality. 

The stainless steel facing is typical of advanced Yarway 
engineering design. That inlay is but one of twelve basic 
improvements made in Yarway high pressure water gages. 

When buying boiler water gages as well as other steam plant 
equipment, measure the cost in terms of good engineering, 
quality, workmanship, and dependable service. 

“Make Yarway your way.” 


VYARNALL-WARING COMPANY 
100 MermMaip AVENUE, PHILADELPHIA 18, Pa. 
BrancuH Orrices tn Principat CITies 








Yarway High Pressure Boiler Water Gage 


with seporated-design flat glass inserts 
Write for Yarway Bulletin WG-1812 


YAR WAY steam plant equipment 


DIGESTER VALVES 





BLOW OFF VALVES 


WATER COLUMNS AND GAGES STEAM TRAPS 
REMOTE LIQUIC LEVEL INDICATONS STRAINERS 
EXPANSION JOINTS SPRAY NOZZLES 
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Westinghouse 

Design 14 Compressor 

meets heavy demands in: 
1-Steam and power generation 


2-General industrial processes 


Photo courtesy Ohlo Edi ’ es Power Plant, Nile 


4 Westinghouse High-Pressure Compressors Supply 
Air to Cyclone Furnaces in New Ohio Edison Plant 


Four Westinghouse Design 14 high-pressure Com- 


pressors supply forced draft to the two Cyclone fur- 
nace boilers at the new Niles Power Plant of Ohio 
Edison Company. Capacity of each boiler: 885,000 
pounds of steam per hour. Working two to a boiler, 
each Design 14 Compressor delivers 135,000 cfm at 
10 inches of water while operating at 1775 rpm. 
Westinghouse vane control regulates air volumes as 


required 

Design 14 Compressors are rugged, efficient, re- 
sponsive to changing demand maintain output 
while cutting costs. They provide variable or constant 
air volumes at constant pressures for many important 
industrial processes Such as: atomic pile cooling, 
catalyst and scavenging blowing, supercharging diesel 


or gas engines, ore flotation. For these and other uses, 
Design 14 Compressors are available in single-width 
or double-width arrangements, with capacities up to 
200,000 cfm and pressures up to | 10 inches water gauge. 


QUIET OPERATION—-Casing proportions and stream- 
lined wheel passages make Westinghouse Design 14 
Compressors inherently quiet. Accessory sound-ab- 
sorbing trunks of proved design reduce noise level 


even further 


A Sturtevant specialist located in your area will 
assist you now in selecting Westinghouse Design 14 
Compressors for your specific requirements. Call him 
Or write: Westinghouse Electric Corporation, Sturte- 
vant Division, Hyde Park, Boston 36, Mass. 


WESTINGHOUSE AIR HANDLING 
‘oun aieeeainialiinta ki Westinghouse 
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LJUNGSTROM AIR PREHEATER 
cuts fuel costs in hundreds of plants 


The Ljungstrom Air Preheater has proved its value in industrial 
and utility plants throughout the country. That’s why every year, a 
constantly increasing percentage of the total installed boiler 
capacity is Ljungstrom-equipped. Your fuel costs will drop, too, when 
you equip your boilers with Ljungstroms, The extremely high 
efficiency of the regenerative design means the greatest possible recovery 
of waste heat... with substantially lower fuel requirements. 
If you are planning a new boiler installation — or expanding or modernizing 
your present one — let our engineers show you 
how the Ljungstrom can raise over-all efficiency in your plant. 
Ljungstrom Air Preheaters are now available for boilers of 
any type or capacity from 25,000 pounds of steam per hour up. 


The Air Preheater Corporation 60 fos: 42nd street, New York 17, N. Y. 
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Now watch combustion conditions 
every minute of the day 


... with RCA 
Industrial TV 


With RCA's new water-cooled win- 
dow—you maintain continuous ob 
servation of flame conditions and ig- 
nition—at the control panel—24 hours 
a day. High-detail picture eliminates 
the need for periodic observation of 


furnace and checking burner operation, 


Woter-cooled window can be in- 
stalled at top of furnace to observe 
tangential firing—in side of furnace 
to observe direct firing. High-capacity 
blower and pump unit can serve two 


windows 


Fises’s THE ANSWER to continuous, low-maintenance, 
fail-safe observation of furnace conditions... high-detail 
RCA Industrial TV (ITV-5A) and the new RCA water- 


cooled window. 





By using a high-efficiency circulating system, RCA 
has reduced lens temperatures at the camera below 
120° F —for stable, dependable camera operation. 

The RCA Industrial TV water-cooled window is a 
reliable tool for use by your operators for continuous 
remote observation of combustion conditions. RCA 
now offers this new revolutionary equipment as a com- 
plete, engineered package to power plants-—plus instal- 
lation and maintenance service. 

FOR INFORMATION on RCA Industrial TV (Type 
ITV-5A), write Radio Corporation of America, Dept. 
(-187, Building 15-1, Camden, New Jersey 





IMNOUSTRIAL PRODUCTS 


RADIO CORPORATION of AMERICA 


SHOIMNEERING PROOUCTS CAMDEN, HJ. 





in Canede: RCA VICTOR Compeny Limited, M 
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Mechanical engineers are quite familiar with the fact 
that today’s high operating temperatures may produce 
severe expansion stresses and reactions in high tem- 
perature power piping systems. But the accurate 
determination of these by analytical methods can in- 
volve extremely complicated and tedious mathematics. 

A proved means for ¢ liminating much of the expense 
of this essential engineering is the Kellogg Model Tester. 
Chis device's patented electrical measuring heads (illus- 
trated), together with its servo-operated electronic 
equipment, enable Kellogg 
analyses of thermal effects including line movements. . . 
at low cost. 


engineers to make complete 


For very complicated piping systems, the model 
tester is the only practical method of obtaining accurate 
solutions. For simpler systems, it serves as a relatively 
inexpensive check on calculated results. Furthermore, 
once the permissible reactions are established for load- 
ings at the throttle valve and the superheater header 
connections, the optimum design for the remainder of 
the system can be developed without removing the model 


Consider the 
low cost of 
model testing 


when critical piping 
is the order! 


from the tester. For analyses of less complicated piping 
systems, Kellogg engineers employ a sada IBM com- 
puter to reduce costs and time required to arrive at results, 

Well-conceived support and anchor designs for the 
suspension and expansion control of all classes of lines 
are readily established from the information furnished 
by the model tester. It can also provide data to insure 
proper handling of the piping in the field, during welding 
and heat treating... minimizing strains, due to ex- 
traneous loadings, which might be detrimental to the 
production of soundly welded joints. 

This a proach to the al 
piping—the development pe a and impros ed methods, 
of less expensive methods—is Kellogg's basic stock in 


lems of critical power 


trade, Many power station designers and utility com- 
panies also say it’s the basic reason why they repeatedly 
specify “critical power piping by Kellogg.” 

“*** 
NEW POWER PIPING BOOKLET... Send for 
descriptive literature about Kellogg’s extensive facilities 
for assuring the highest quality workmanship. 


OTHER FABRICATED PRODUCTS include: Pressure Vessels Vacuum 


Vessels Fractionating Columns 
Bends and Headers 


Drums and Shalis.. . Heat Exchangers . . . Process Piping 
Forged and Welded Fittings 


FABRICATED PRODUCTS DIVISION 


M. W. KELLOGG 


HIGH 
TEMPERATURE 
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WALWORTH 


PRESSURE-SEAL CAST STEEL VALVES 


| — 7 


 -. 
' 


belter becatise .»» They have no bonnet flanges, 
bonnet bolts, or bonnet welds. ideal for high-pressure, 
high-temperature steam service and corresponding 
boiler feed service, Walworth Pressure-Seal Cast Steel 
Valves weigh less, and take up less space than the 
flanged bonnet type of valves used for similar services. 


These are a few of the important advantages made 
possible by the design of Walworth Pressure-Seal 


Cast Steel Valves. Internal line pressure is utilized Cees coctian of Gcindh Sertes 900 Walworth 
within the bonnet to maintain a tight. leakproof, Pressure-Seal Cast Steel Gate Valve. Pressure- 

: rT . . Seal Globe, Check, Angle, and Non-Return 
body-to-bonn t connec tion under all normal operat Selecs Gul aii exatie Wiis aan, 
ing conditions. The higher the pressure, the tighter 900, 1500 and 2500 in a wide range of sizes. 
the seal. 


Ask for your copy of Walworth Circular 143. It 


gives detailed information, including sizes, dimen- L RTH 
sions, and specifications for all Walworth Pressure- 
Seal Cast Steel Valves. Manufacturers since 1842 


valves . . . pipe fittings . . . pipe wrenches 


| 60 East 42nd Street, New York 17, N. Y. 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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models 


A guide to better flow metering 


Here’s a new fact-filled, technical booklet that teils you feature for 
feature how the new Hays electronic flow meter excels. 


Electronic operation — provides maximum accuracy (34% of 
full scale differential), and speed (4 seconds for full scale pen 
travel). 


Mercuryless transmitters —rupture-proof metallic bellows for 
differential pressure me surement. 


Continuous integration — motor-driven, continuous mechanical 
integrator is extremely accurate even on rapid load changes. 


Other features include powerful motor, easy readability, accuracy 
unaffected by normal temperature changes, optional explosion 
and weather-proof transmitter. 


Write for bulletin 54-1074-222 and get the important facts. 
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Automatic Combustion Control 
Boiler Panels + CO, Recorders 
Verifiow Meters ond Veritrol 
Gos Anolyzers + Draft Goges 
Combustion Test Sets 
Electronic Oxygen Recorders 


Electronic Howmeters 
Electronic feed Water Controls 
| Miniature Remote |) dicotors 


co RATION 


MICHIGAN CITY, 's INDIANA 


















Industrial installation in the Midwest 
Two VP Boilers. Capacity — 28,000 
Ib steam per hr each at 225 psi 





This VP Boiler serves a sewer pipe 
manufacturer in California. Capacity 


20,000 Ib steam per hr at 215 psi 


Specifications — VP Boiler 





Capacity — 4000 to 30,000 pounds of steam per hour 
Pressures — Up to 500 pounds per square inch 

Fuel — Oil or gas 

Erection — Completely shop-assembled 

Foundation — Simple concrete slab 
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[ Boilers . 


There’s good reason for the fact that so many buyers of 
package boilers are finding that the VP offers them more for 
their money. For only in the VP will you find such significant 
extra features as—more water-cooling area per unit of fur- 
nace volume than any other boiler of its class . . . simple ar- 
rangement of baffles for maximum heat transfer . . . large 
lower drum for good accessibility and easy handling of load 
swings ... quiet centrifugal fan, with less than half the noise 
level of typical high-speed blowers used on most other 
package boilers. 

Little wonder then that VP purchasers range from small 
companies to some of the largest in the country ... industrials 
of all kinds...schools and institutions... various government 
agencies .. . even the Atomic Energy Commission. These 
users are employing VP Boilers for all types of applications — 
heating, process, and even power generation. 

Make sure then that you have details of the VP at your 
fingertips when next you are in the market for a boiler of 
moderate capacity. Ask for the new Catalog VP-164, which 
contains specifications and general information on dimen- 
sions, space requirements, construction details and controls. 


INDUSTRIES USING VP BOILERS 


Asphalt « Aut bile - Canning « Chemical « Electrical Equipment * Enameled Products 
Essential Oils * Fish Oils & By-Products * Food * Housing Projects * Institutions 
Loundries * Metal Working * Mining * Paper * Petroleum * Printing * Railroad + Rubber 
Sewer Pipe + Textile « Utility - U.S. Atomic Energy * U.S. Air Force * U.S. War Department 
Wex Products 8-748 





COMBUSTION ENGINEERING, Inc. 


Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y. 
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tows 


ERNEST T. WEIR 


largest ship ever built on fresh water 


SERVED BY 


ondenser for 7,000 


Two 600 aq. ft. 1-R 


main « 
W et 


iliary turbine 


Ingersoll-Rand 
7 S 


500 aq.f 
S Ernest 7 


OO kw au 


hp turbine 


midensers serve 


4 1-R Class GT con 


densate pump for 
suxiliary con 


denser 


I-R | hp 
VCM circulating 


pump tor main 


( /ase 


condenser 


One of I-R 
+ Class VHM 15 hp 


ondensate pumps 


fwo 


for main con 


denser 


AIR AND ELECTRIC TOOLS © DIESEL ENGINES © PUMPS 


22 


CONDENSERS AND PUMPS 
7 


, 


oi 


Ihe SS Ernest T. Weir, built by American Ship Build 


ing Co., has an overall length of 690 feet, 70-ft. beam 
and a draft of 25% ft. — making her the largest vessel 
so far built on fresh water. Arecent addition to National 
has a deadweight 


Steel’s great ore-carrying ficet, she 


carrying capacity of 21,948 long tons 


carrier Carries some important items of 


This new ore 
Ingersoll-Rand equipment — equipment that con 
tributes to the smooth functioning and dependability 
of her power plant — main condenser with air ejector, 
circulating and condensate pumps; two auxiliary con 
densers with air ejectors and condensate pumps; also 


fire and general service pumps and cooling water pump 


Seagoing power plants of all sizes can be served to 
advantage by dependable I-R pumps, condensers and 
Your I-R glad to 


assist you in any wzy he can 


[FR] Ingersoll-Rand 


11 Broadway, New York 4, N.Y 


auxiliaries representative will be 


4.67 


CONDENSERS © COMPRESSORS © VACUUM EQUIPMENT 
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Bartlett-Snow 
coal handling 


at “Tynone 


@ The illustration above shows the first 50,000 KW unit 
of a plant which is to be extended into a 170,000 KW 
station. All coal handling equipment including the track 
and reclaiming hoppers and grillage, duplex feeder, 
single plate feeder, conveyors, galleries, surge hopper 
and all supporting structures were detailed and fabricated 
in our shops and installed by us to Sargent and Lundy’s 
specifications. For maximum efficiency and fixed unit 
responsibility, let the Bartlett-Snow coal handling engi- 
neers, with their long experience and complete facilities, 
work with you on your next job. 





“Builders of Equipment for People You Know” 





General View of Tyrone Power Station 
Kentucky Utilities Company 
Sargent and Lundy 
Consulting Engineers 


Track and Reclaiming Hopper, Crusher House, 
Stocking Out Conveyor and Storage Yard 


Single Plate Feeder Discharging Reclaimed 
Coal to Main Belt Conveyor System 








1LOWA 


MARSHALLTOWN 





; AF bk. sod 
Sal saci 
Pts 

New lowa Electric Light and Power Company Sutherland Station at 
Marshalltown, lowa, This is a 300,000 pounds of steam per bour 
Riley steam generating unit. Design pressure 975 with steam tem- 
perature 910°P, Operation is scheduled for fall, 1954. Duplicate 
unit will be ready in 1955. 
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O HELP MAKE SURE they get the power 
f Seren bought, this Midwest utility has a 
new plant equipped with Republic ELECTRUNITE 
Boiler Tubes. 


One reason is dependability. ELECTRUNITE Boiler 
Tubes are made from high grade steel, produced 
in Republic’s own mills. From the time the ore 
is mined, through manufacturing stages, opera- 
tions are quality controlled. 


The results: Tubes with uniform wall thickness 
which give uniform heat transfer, all around the 
tube, from end to end. Uniform ductility for 





Some Recent ELECTRUNITE 





Edwardsport Station, Public Service Co. of indiana 
National Petro-Chemicails Co., Tuscola, III. 
Municipal Light Plant, Orville, Ohio 

B. F. Goodrich Co., Akron, Ohio 

Capitol Power Plant, Washington, D. C. 

Riegel Textile Corp., Trion, Georg 3 

Superior Water, Light and Power Co., Superior, Wis 
Ford Motor Co., Dearborn, Mich. 

Murray-Ohio Manufacturing Co., Cleveland, Ohio 
Central Ohio Light & Power Co., Findlay, Ohio 
international Harvester Co., Chicago, Il! 
Sloane-Blabon Corp., Trenton, N. J 

Mid-Continent Petroleum Corp., Tulsa, Okla. 

Swift & Co., Hammond, ind. 

City of Provo, Provo, Utah 

Kennecott Copper Corp., Hayden, Ariz. 

Missouri Power & Light Co., Mexico, Mo. 

Gilbert Paper Co., Menasha, Wis. 

Morton Sait Co., Manistee, Mich. 
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Uniform ductility of ELECTRUNITE 
Boiler Tubes permits accurate bends 
to be made easily. Spring-back can be 
calculated before the bending operation, 


BOILER TUBES 


smooth bending and smooth roller expanding. 


ELECTRUNITE Boiler Tubes also pay off from the 
standpoint of economics. Before you plan your 
next power expansion, or modernization, consider 
Republic ELECTRUNITE Boiler, Condenser and Heat 
Exchanger Tubes. Write for the booklet CEC-54 
which gives you complete data and specifications. 


REPUBLIC STEEL CORPORATION 
Steel and Tubes Division 
209 E. 131st Street, Cleveland 8, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


Surfaces of ELECTRUNITE Boiler Tubes are scale-free 
because they are normalized in a controlled atmosphere. 
No grinding tube ends, which destroys uniformity. 
Tubes slide into drum holes easily, expand uniformly. 


“Intestinal Fortitude’ — 16mm. sound, black 
and white film, 17 minutes. The story of 
ELECTRUNITE Pressure Tubes from ore to 
finished product. To arrange for a showing, 
write to Steel and Tubes Division. 


ELECTRUNITE 


COMBUSTION—dJuly 1954 








Fuel Consumption 


50% more 


Boiler Capacity 








Bailey Meters and Controls 
Insure Savings at 
Kerr Bleaching & Finishing Works, 
Concord, N. C. 


The key to complete returns on any investment 
in new power equipment is a fully co-ordinated 


system of meters and controls. It’s the old story, 





the tail that wags the dog—careful attention to 


this comparatively minor part of the over-all 





installation cost can mean the difference between 


profit and loss in operation. 


Here’s where Kerr Bleaching & Finishing Works 
has cut operating costs—by installing co-ordi- 
nated Bailey Meters and Controls. The installa- 


tion includes Bailey Meter Combustion Control, Control panel, showing completely co-ordinated Bailey 
Meters and Controls at Kerr Bleaching and Finishing 
Works, Concord, N. C. 


and Bailey ‘Two-element Feed Water Control. 
Such a co-ordinated system is an important plus 
for Bailey customers. Nowhere else can you buy 
such a complete range of equipment, selected 
without bias to do the best job for you. Nowhere 
else can you find such expert engineering service, 
immediately available through conveniently 
located direct sales and service representation. 1025 tVANHOE ROAD 


May we help you? CLEVELAND 10, OHIO 


Call our local branch office or write for Bulletin 


15-H. ats 
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Of all the methods used for coal stockpiling and handling, none 
meet all the requirements as efficiently as the Euclid Twin-Power Scraper. 
Because it is completely self loading in loose, compacted, wet or frozen 
coal... builds a well drained and compacted stockpile . . . can work 
in close quarters . . . can extend, raise or relocate the stockpile . . . 
and can carry big loads at speeds up to 30 m.p.h., this “Euc” does a 
complete coal handling job. 

Many industrial concerns and public utilities have found the Euclid 
Twin-Power Scraper to be the most economical solution to their steck- 
piling and reclamation requirements. If you are interested in efficient 
coal handling—with maximum flexibility at minimum investment and 
operating cost—consult your nearby Euclid Distributor for a production 
and cost estimate. There's a good chance that he can show you the way 


to lower coal handling costs! 


EUCLID DIVISION GeNneRaL MoToRS corPoRATION 
Cleveland 17, Ohio 


These are some of the owners who 
are using Euclid Twin-Power Scrapers 
to cut their handling costs. 


American Gas & Electric Co. 
Bethiehem Stee! Co. 
Cleveland Electric Illuminating Co 
Detroit Edison Co. 

Electric Energy, inc. 

Great Lakes Carbon Co. 
iMinols Power Co. 

Kansas Power & Light Co. 
Omaha Public Power District 
Sanitary District of Chicago 
Tennessee Valley Authority 
Union Electric Power Co. 
United States Steel Corp. 


E uclid Equipment 


MOVING EARTH, ROCK, 


COAL ORE 





TYPES 1411 and 1415 
CONSOLIDATED 
SAFETY VALVES 


TYPE 1411 


CAST IRON BODY SAFETY 
VALVE. Has bevel seat, single 
ring blow-down control and 
one-piece feather (disc) 
Sizes: 142” through 6”. Pres- 
sures: Up to 250 psi. Tempers- 
tures: Up to 450° F. Standard 
Connections: Threaded or 
flanged. All sizes available 
with oversize inlet flanges for 
replacement purposes 











TYPE 1415 


CAST STEEL BODY SAFETY 
VALVE. Has a high erosion 
and corrosion-resistant stain 
less steel seat bushing seal- 
welded to the base. Sizes: ‘%” 
through 6”. Pressures: Up to 
900 psi. Temperatures: Up to 
900° F. Standard Connections: 
Flanged. Available with 
oversize inlet flanges 


Dependable performance in hundreds of installations is the history of Consoli 
dated Safety Valves Types 1411 and 1415. Time and time again, the high discharge 
capacity of these rugged valves has been thoroughly proved in the field. Positive, 
tight closing after operation is assured. Both types are simply constructed spring- 
loaded, wing-guided valves with few working parts. Adjustment is easy; main- 
tenance economical 

Type 1411, with cast iron body, is excellent for installation on water tube boilers, 
mechanically-fired fire tube boilers, accumulators, unfired pressure vessels and 
pipe lines within its rated capacity. Types 1415, with cast steel body, is recom- 
mended for all applications beyond the scope of companion valve Type 1411 
Protect your personnel, facilities and production against the hazards of over- 
pressures. Install precision-built Consolidated Safety Valves. Selection is easy. 
Write for Catalog 700 


CONSOLI DATED SAFETY VALVES 


Aproductco!t MANNING, MAXWELL & MOORE, INC. stratford, CONN. 


MAKERS OF ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN’ AND ‘AMERICAN-MICROSEN 
INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘HANCOCK’ VALVES, AIRCRAFT PRODUCTS. BUILDERS OF 
SHAW.BOX” AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES 
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This burner ring getting f gy touches this is real hel; in getting Maximum steam 


1 Combustion Engines g Type R Burner ing output o say nothing o. the insurance 


for tiring pulverized made of against tubes being dented by falling slag 


CARBOFRAX™ sili carbide refractories Another advantage of a CARBOFRAX 


burner ring is its resistance to abrasion, heat 
[hese retractories f ‘ oo dense 
hock and flame erosion. It can take bruta 
slag cant {§ Moreover. 
punishment ind come out practically un 
ard, even t ex meiy high 

scathed. An out-of-line burner, for example 

emperatures. Since they tren, slag 
will quickly cut away a clay ring, bur has 
t fuse to the refractor ! imulate ’ . 

little effect on CARBOFRAX retractories 
rhe inner face lam Nar f ics are 


rained. Big « f r tl In short, CARBOFRAX refractories /a 
loose when barring. A nf This means fewer repairs, replacements, and 


slag finger emergency shutdowns 


VA 


A a mae 


is an introduction, write for o 
ddress ( ept.E 74 Refractories Div., The borundum 
o.. Perth Amboy, N. J. Or your neorest nissan 


office can furnish complete informatior 
Registered Trade Mark 


~ 


ngineering 








At Florida 


Power & Light 


Company’s Beautiful 


SARASOTA 
PLANT 


Combustion Air & Gases 
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GREEN 
FORCED DRAFT FAN 


A GREEN Forced Draft Fan in- 
stalled at Sarasota. This Green 
Fan No. 56 RB 3615 BD is 
driven by a 200 HP Electric 
Motor, and delivers 79,800 
CFM air at 100°F. 


INDUCED DRAFT FAN 


This GREEN Induced Draft Fan 
delivers 132,000 CFM of Gas 
at 365° F at the Sarasota Plant. 
it is Green Fan No. 51 MC 
3202 D and is driven by a 
400 HP Electric Motor. 


Keeping pace with the demand for more power occasioned by the tremendous 
growth of Florida's population and industry, Florida Power & Light Company 

is now engaged in a $332,000,000, ten-year expansion program. One 

phase of this program is the expansion of the Sarasota Plant. 


When it came time to specify forced and induced draft fans for Sarasota, 
they picked GREEN. F. P. & L. has operated GREEN FANS in other 
plants in its system for a number of years. 


There are hundreds of other similarly satisfied customers throughout 
the country. 


Send for cur Fan Bulletin 168. If interested in Fuel Economizers ask for Bulletin 169, 
Our Aerodyne Dust Collectors ore described in Bulletin 170. All are yours for the asking. 


The Green Fuel Economizer Company, Ine. 


BEACON 3, NEW YORK 


- 


ECONOMIZERS * FANS + AIR HEATERS + CINDERTRAPS - AERODYNE DUST COLLECTORS 


a &€ 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valeesa are 
Jamous for their long life 
and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky. 


When stationary elements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


Bayer Single Chain Balanced 
Valve Soot Cleaner 


trolled system ard in addition, when high pres 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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* 
PERFECT 


Nearly 12 b pounds of steam have been generated inside 
this boiler and its twin Boilers have never been acid cleaned 
Tubes nave neve peen turbined All water side surfaces are 


clean fo-metalil 


*Weat __ think at least 99%! 


my 
'Y ‘ 
‘ 


PERFORMANCE 


TURN THE PAGE 
FOR MORE FACTS ON 
HOW IT WAS DONE 





PERFECT WATER TREATMENT PERFORMANCE (CONTINUED 


ee Se ew ~~~ Soo NN —an ee 


BOILER OPERATING DATA 


@ Two new boilers were put on line in a South- 
western municipal utility plant at the same time 
late in 1949. Rated capacity of each unit is 250,000 
pounds of steam per hour at 950 p.s.1. Normal 
operating rates range from 150,000 to 175,000 


pounds of steam per hour per unit 


The Nalco System of water treatment has been 
used continuously in these boilers. Raw water 
softening is by Nalcite* lon Exchange Resins, 
and other Nalco products are used for after 
treatment, internal treatment, and condensate 
return line protection. Results have been 
perfect. Boilers have never been turbined or 
acid cleaned, and are opened only for annual 


internal Inspection 


K ved Irademart 


ON THE JOB 


@ Results like these are encountered every day 
in plants when the complete Nalco System of 
water treatment is on the job. The Nalco System 
is adaptable to old and new plants of any 
capacity, temperature, or pressure. Whether 
you operate a public utility or a space heating 
boiler, you will find your Nalco Representative 
of real assistance in the solution of your water 


oo! treatment problems. Call him today, or write 


one 
of service. No 
found intubes or drums: 


is SPOTLESS: ¥ 


for full information. 


mud 
ondition after yeors 


hove been 


NATIONAL ALUMINATE CORPORATION 
6216 West 66th Place ¢ Chicago 38, Illinois 


ln Canada tichem Limited, Burlington, Ontario 


SYSTEM ... Serving Industry through Practical Applied Science 








Whai’s the best 
block insulation for 
I900F? 





SUPEREX ... 


with the proved record 


for long service 








The most widely used 
high temperature block insulation 
for over a quarter century... 








SU PEREX 
ture block insulation has long been in- 
dustry’s No. 1 choice for service tem- 
peratures up to 1900F, It provides major 
economies reduces fuel costs, cuts 
heat losses, keeps maintenance expense 


high tempera- 


down, costs less to install and has long 
service life 

These are the reasons why 90 of 
the nation’s hot blast stoves are Superex 
insulated and why the low cost open 
hearth steel producers use Superex in 
their regenerators 

Made of specially selected and cal- 
cined diatomaceous silica blended with 
other insulating materials and bonded 
with asbestos fiber, Superex will safely 
withstand temperatures up to | 900F with 
negligible shrinkage 

Superex has been used with outstand- 
ing success in all types of industrial and 
metallurgical furnaces and ovens, sta- 
tionary and auxiliary 
power plant equipment 


marine boilers 


regenerators, 


kilns, roasters, high temperature mains, 
flues and stacks. 


important advantages... 


Low thermal conductivity — Exceptionally 
high heat resistance (1900F) combined 
with excellent insulating value 


Approximately 2 ib per sq 


Light weight 


ft per in thickness. 


Great physical strength —Approximately 6 


tons pressure per sq ft are required to 


compress Superex in 


Long, efficient service life 
tains high insulating value indefinitely 


Superex main 
will not disintegrate in the service for 


which it is recommended 


Fast, easy application —Superex may be cut 
with an ordinary knife or saw for hitting 
around openings or to irregular surfaces 
Because of its light weight and convenient 
sizes, Superex assures fast and economical 


installations 


For complete information about Superex 
block insulation, write for Brochure 
IN-134A. Address Johns-Manville, Box 
60, New York 16, N. Y. In Canada, 
write 199 Bay Street, Toronto 1, Ontario. 


Waste is minimized with Superex because of the variety 
of thicknesses available Special shapes and intermediate 
thicknesses between those shown are also available 








= JM Johns-Manville 


Prk OvUCTS 
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In Deaeration, too 


BISILCO Builds a Cormpllate bime- 


An increasing number of well known utility 


and industrial plants are using Belco equipment to increase 


operating efficiency and decrease operating costs. Belco 


advanced design and application experience can be put to 


work for you, too. 


For technical assistance write or call Belco 


your first step to lower costs. 


MARINE TYPE— Typical OPEN TYPE—Descrator VACUUM TYPE — Unit 
Beleco marine heater fur- at large eastern pharma- shipped set-up to midwest- 
nished to shipyards. (Ap- ceutical plant. Capacity of ern utility Has 150,000 
proved by Lloyds of London) 80,000 Ibs/ he. Ibs/he capacity. 


Boiler Feedwater Heaters @ Water Softeners @ Filters e Clarators 
Demineralizers @ Automatic Process Control Panels 


BELCO INDUSTRIAL EQUIPMENT DIVISION, INC. 
112 PENNSYLVANIA AVENUE, PATERSON 3, N. J 


REGIONAL OFFICES: Philadelphia, Pa., Chicago, Ill.,, Houston, Texas 
North Hollyweed, Cal., Montreal, Que., Toronto, Ont. 


BELCO DESIGNS, ENGINEERS & FABRICATES WATER 


36 


SPRAY TYPE — Belco Deaerator in 
large eastern oil refinery. Has a capac- 


ity of 300,000 Ibs/ hr. 


a 


SPRAY TRAY TYPE — Belco 
aerater at New York State institution 


boiler house. Capacity 120,000 Ibs/hr 


TRAY TYPE — Belco Deaerator at 
southern municipality. Has a capacity 


of 125,000 Ibs/hr. 


PROCESSING EQUIPMENT 
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Is it loaded? 


No, this gun had no bullets in it—an omission not likely to 
be observed by anyone so confronted, even in fun. Let no such 
credulity warp your judgment respecting the handling of your 
critical piping. Remember that Mitchell service speaks with 
an authority that long specialized experience alone can bring 
to bear on your high-temperature and high-pressure problems. 


W. K. MITCHELL & CO., INC. 


WESTPORT JOINT 2946 Ellsworth Street, PHILADELPHIA 46, PA. 


PIPING FABRICATORS AND CONTRACTORS 
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BEHIND 


THESE 


EYES 


is your assurance of quality finishing in the 
fabrication of your piping. Using modern, per- 
fected methods, Shaw’s skilled technicians check 
and square your job for dimension, alignment, 
conformance to specified tolerances, accuracy of 
proper fitting. After a thorough cleaning inside 
and out, your job is metallurgically examined 
and ultrasonically and hydrostatically tested to 


suit the particular requirements of each case 


Another Shaw department then paints and marks 
each piping section for quick, efficient installa- 
tion, and proper precaution is taken through 
protective devices to prevent damage to your 


product during shipment. 


Carelessness in the testing and finishing stages of 
your piping fabrication can prove costly and time 
consuming. The trained and tireless eyes of skilled 
technicians in every department of Shaw’s com- 
plete testing and finishing procedure are your 
assurance of a finished project that gives lasting, 
trouble-free performance—a product that con- 
forms accurately to specifications. Buy the finest 
in modern quality control methods. Buy from 


Shaw; it pays—all ways. 
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On Our Twenty-Fifth Anniversary 


isked me to write an editorial 
the 
uppose he had in mind that an 


When 
for this 


Editor MceCab« 


issuc in invitation valued more because 
of its infrequency—lI 
inniversary issue was one occasion when a little remin 
ven a modicum of self-congratu 
Doubt 


writer 


iscing about the past and « 
indulgently by readers 

ited by the fact that the 
the organization who had been 


lation might be viewed 


less he was also motiv 
member of 


COMBUSTI 


was the only 
iround since N first saw the light of day back 
in July 1929 

Elsewhere in this issue, 
Century of 


under the title “Glean 
COMBUSTION,” the 


editor pays tribute to some of the individuals who have 


ings From a Quarter 


made notable contributions to our columns during the 
years, and gives an eclectic summary of articles published 
Here, despite our 


i lot about the past, we shall content 


on a variety of important subjects 
disposition to talk 
ourselves with giving brief recognitions to the men who 
have served on our editorial staff 

rhe first editor of CompusTIon was Carl Stripe He 
had 


many 


been associated with Combustion Engineering for 
particularly qualified, both by ex 
perience and special talents, for the editorial duties he 


COMBUSTION got off to a 


years and wa 


issumed. Under his guidance, 


fine start and gained 
tive technical journal 
\fter 


Stripe resigned to enter 


rapid recognition as an authorita 


service as editor, Mr 
another field and the writer 
We were then in the depths 
COMBUSTION shared with 
magazines, as well as with business 
survival. In late 1933, 
staff and greatly lightened 
March 1934, he 
ind im January 1935 he 


nearly three years of 


issumed the editorial reins 
of the 
virtually all 


great depression and 
other 
generally, the problem of 


Alfred D. Blake 
the burden of 


jomed the 
going In was 


took 


keeping 
Editor 
over the full responsibilitic s of Editor. 
Perhaps the best way to pay tribute to Al Blake's 
Editor of COMBUSTION is to quote the 
time he 


made Associate 


achievements as 
citation read at the was made a Fellow of the 


\merican Society of Mechanical Engineers in October 


1952 


Cornell Uni 


He began his engineer 


Alfred D. Blake is a graduate of 
versity with an M.1 
ing career with Westinghouse, Church, Kerr, consult 
issociate editor of Power and served 
Army during World War I with 
\fter the returned to 


managing editor. Later he 


degree 


ing engineers, wa 
in the United Stat 
the rank of Major 
Power where he rose to 


war he 
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served briefly as editor of Steam Plant Engineering 
In 1933 he joined Combustion Publishing Company 
and has been editor of COMBUSTION since that time 

Mr. Blake has guided the editorial policy of Com 
BUSTION so well that power engineers regard that 
one of the outstanding technical 
Its articles have been authori 
tech 


publication as 
journals in the world 
and have made contributions to 


tative mayor 


nical development 


Glenn R. Fryling joined us as Assistant Editor in 
1948. His articles and editorials during the past five 
years have much 
have his reports of the many engineering society meetings 
In January of this year he was made As 
Editor. At the same time, Joseph C. MeCabe 
was appointed Editor, Blake Mr 
McCabe brought to his post the special qualification of 
having served as Associate Editor of our contemporary, 
Power, for the past eight years. Since the backgrounds 
and experience of both Mr. McCabe and Mr. Fryling 
were given fully in the announcement of Mr. Blake's 
retirement in our December 1953 issue, they will not be 
repeated here. Suffice to that we have 
confidence in the ability of our present team of editors 
to continue producing the kind of a magazine that our 
a magazine 


occasioned favorable comment, as 
he has covered 
sociate 


succeeding Mr 


say complete 


readers have been accustomed to receiving 
that reflects throughout its editorial pages a close and 
understanding awareness of important developments in 
its field and the technical and journalistic competence to 
report those developments. 

That ComBUSTION has been that kind of a 
has been made evident to us by the gratifying volume of 
letters we receive each year from readers here and abroad 
has 


magazine 


expressing both their interest and satisfaction. It 


also been evidenced in the numerous references to 
COMBUSTION articles in foreign technical publications 
and in the bibliographies of authoritative engineering 
books 

For all of this we are grateful, and this anniversary 
a particularly appropriate time and 


issue seems to be 


place to convey our sincere thanks 


CMake fe Cungl 


Vice Combustion Publishing Co., In 


Pres., 








Gleanings From A Quarter Century of 
COMBUSTION 


initial aims and objec 
ited Phey 
excellent means of judging the effectiveness of the publi 
full 
ness of the magazine's coverage or the many individual 


(on the cover of this issue the 


tives of this magazine are rep serve aS an 


cation over the years of its life. Unfortunately the 
highly significant contributions to the power field that 
have appeared in its pages do not lend themselves to 
capsule treatment. The following diary-like presentation 
attempts to convey the editorial standards the magazine 
has sought to maintain throughout its existence and at 
the same time salute the efforts of the men who made the 
magazine-—the authors and contributors 

Outstanding among these authors for the lasting value 


of their contributions were 


Henry Kreisinger, director of research, Combustion 
Engineering Co., successor, B. J. Cross, whose 
early reports on pulverized fuel firing and combustion 


and his 


theories became fundamental reference material 


David Brownlie, London, England, who, from the 
magazine's inception and for a long span of years there 
after, supplied the magazine with the latest designs and 
research developments taking place on the European 


continent such as the supercritical pressure boilers of 


current interest here in America: 


L. T. Parker, prominent Cincinnati attorney, who has 
interpreted plant and contract law over a span of years 
to the power fi ld; 


J.G. Mingle, now deceased, former air pollution control 
director of Indianapolis, who presented in the early ‘30's 
chimney design studies that removed much of the rule of 
thumb procedure of that day; 


A. L. Nicolai and W. S. Patterson, Combustion Engi 
neering Co., who furnished a series of articles on combus 
tion calculations that are still applicable ; 


W. L. De Baufre, technical research dept., Inter 
national Combustion Engineering Corp., whose writings 


on the fundamentals of thermodynamics were classics; 


Sabin Crocker, then of Detroit Edison Co., who ran 
through 1035-1936 an &-part item-by-item design dis 
cussion of the modernizing of the Conners Creek Power 
Plant that proved to be a reference digest of power plant 


design techniques ; 


H. E. Macomber, Detroit Edison Co., who followed up 
in 1945-1044 with a similar design digest of the modern 


ization of the Marysville Power Plant; 


R. C. Corey, now of the Bureau of Mines, who con 


tributed heavily with research information on furnace 
performance factors, notably corrosion, as well as studies 


on fuels and firing behavior 


E. M. Partridge, chief chemist, Paige & Jones, whose 
clear and understandable descriptions of the functioning 
of zeolites or base exchange types of chemicals, plus the 
fundamentals of water softeners back in 1930, prepared 


40 


the magazine's readers for the rapid changes then getting 
underway in water treatment techniques 


Otto de Lorenzi, Combustion Engineering, and H. G. 
Meissner, Combustion Engineering, who, over the years, 
have supplied highly informative articles on fuel burning, 
especially waste fuels, such as bagasse, bark and other 
wood wastes 


Phroughout the years the magazine has endeavored to 
attain its objective of reporting on all matters ‘concern 
ing present-day practice, new developments and future 
trends in the fields of fuel burning and steam generation 
by comprehensively selecting all pertinent engineering 


and technical society plus actively seeking 
specially written articles by leaders in the power genera 
tion field. These gleanings, grouped under subject head 
ings for sake, reflect to extent the 


efforts put forth over the years 


Boilers and Auxiliaries : 


July 1929 
tween the advocates of bare as against covered furnace 


papers 


convenience some 


On the great word war then waging be 


walls, ‘The conclusions to be reached are now fairly evi 
dent 1) 
furnaces 


cost and effect upon the boiler 


Chere is every reason in favor of full-cooled 
(2) The bare tube screen has the advantage on 
(3) Smoking will depend 
upon the burners and operation; and only slightly upon 
impingement. (4) The short flame turbulent burner is 
generally more advantageous with all types of walls 
5) Covering is only desirable on screen surface in the 
6) Slag type 


cooling if we 


ash pit to protect tubes from abrasion 


furnaces would be better without any 


find a suitable refractory bottom. (7) If cooling surfac« 
iS employed in the furnace it should be bare so as to earn 
as big a return as possible R. J. S. Piggott, consulting 
& Wood, Inc., Heat Absorbing 


faces in Modern Botler Furnaces 


Nov.-Dec. 1934 
steam temperature curve over a wide range of loads was 


engineer, Stevens Sur 


The need for a reasonably flat final 
being widely studied. ‘“‘Here is an article in two parts 
that traces the history and development of superheaters 
then advances a new design 


and the compensating 


superheater—which is described as a design where all of 
the gas at all loads flows in two paths over materially un 
equal surfaces. The gas is caused to flow so that a larg: 
percentage passes over the larger superheater surface at 
low load, the percentage becoming equalized at or near 
the maximum load E. V. Rieder, Detroit Edison Co 
and C, W. Gordon, Superheater Co., Regulation of Stean 
Temperature by Controlled Gas Flow, Parts I and Il 


June 1940—Forced circulation boilers in England \ 
table of 25 forced circulation boilers installed or on order 
in Great Britain shows 15 to be LaMont 


Sulzer, | Loeffler and one Velox Che author sums up the 


designs, 5 
following advantages: (1) an ability to use smaller tubes, 
hence reduced wall thickness for high pressures; (2 


reduction in number, or in some cases, elimination of 
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drums }) freedom to distribute the heating surface to 
the greatest advantage with respect to heat transfer; 1) 
ibility to obtain large evaporation in a given space; (5) 
reduction in weight per units of output and a claimed ab 
sence of troubles from scale formation inside the tubes 
Offsetting these advantages is the inclusion of pumping 
equipment and in some cases elaborate controls The 
Thomas Hawksley before the Institution of Me 


Engineers, London, by Sir Leonard Pearce 


Lecture 
chanical 
1944 
heavy burdens on fee: 


Oct High pressure steam cycles were imposing 


| pumps—‘‘A review of mechanical 
properties of materials suitable for boiler feed pump con 
struction, especially for high pressure service. The phe 
nomenon of erosion-corrosion and its prevention 1s dis 
Cameron Pump Div., Ingersoll 


‘s of Boiler Feed Pump Ma 


cussed L. J. Dawsor 
Rand Co., Practical A pe 
terials Selection 


er two million kilowatts of reheat 


With ov 


then on order or under construction the reheat 


Dec. 1948 
capacity 
interest These 


boiler major 


Clarify both the economic considerations and the operat 


was a top ol papers 


ing problems involved with reheat boilers. They are in 
general agreement that although reheat boilers cost more 
when considered on a steam output basis such increases 
ire largely offset by the reduced sizes of steam generating 
unit, feed pump equipment and condensing equipment 


lower water rate of the turbine so 


Kilowatt output there is little differ 


resulting from the 
that on the 
in total initial cost 
station heat rate of four to eight per cent, and in some 
Martin Frisch, Foster Wheeler 
Steam-Generaling Iquipment for Resuperheating 
W. R. Rowand, Babcock & Wilcox Co., /ligh 
W. S. Patterson, Com 
ASME 


basis ol 
ence Moreover, an improvement in 


cases more, results 
Corp : 
Cycles: 
Pressure Boilers with Reheaters: 
bustion Engineering Co., \Jodern Reheat Boiler: 


\nnual Meeting. 


Nov 
1hOW 


riti 
ic] 


19543—Super il pressure steam power plant 
| 


seem about re for application in the United 


States with a promise of improved cycle efficiencic 


Only units of large capability can be economically justi 
fied for operation at or above the critical pressure with 
nge of 150,000 kw or larger 


xperimental data is needed upon 


turbine unit sizes in the ra 
Further, additional « 
which to base steam tables in the regions beyond critical 
Phermodynamic analyses re ported were on the 


Keenan and Keyes steam 


Insti 


pressure 
basis of extrapolation from the 
tables Professor Jerome Bartels, Polytechni 
tute of Brooklyn, C. D. Wilson, turbine design engineer, 


Allis-Chalmers Mfg. Ci Supercritical Pressure Plant 


Water Treatment: 


1929 Generatior 
steam from each unit of heating surface was the e& 


Evap 


1930 ol ever greater quantities ol 
ers during these years 

1 usual 7 to 8 Ibs of water 
1924 


rate exceeded 25 lb and 


pressed aim of boiler desig: 


1 f 


oration rates had jurmped from 


per sq ft of heating surface in 1925 to as high as 25 


lb per sq ft. In water walls the 
went as high as 50 lb per sq ft rhe problem was gaining 
recognition as an intricate physical-chemical one so that 


theoretical discussions were quite common. 

May 1930—'‘A follow-up article of previous reports by 
A. A. Markson, mechanical engineer, and A. R. Mumford, 
New York Steam Corp 
in water conditioning: (1) 


suggests four more points of im 


portance A minimum alka 
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linity, corresponding to a pH of 10-11, is as important as 
establishing a definite maximum. (2) Keep boiler water 
free of saponifiable matter and organic contamination 
4) Hold collective total of dissolved and suspended solids 
in boiler water as low as possible. (4) Since carbon di 
oxide is undesired and unessential, maximum elimination 
bicarbonates and carbonates—in entering 
feedwater is essential.’’—R. E. Hall, Hall Labs., Develop 


ment of Iligh Pressure System for Water Conditioning 


ol 1ts source 


Aug. 1929 \ very interesting development, also im 
British power practice, which has not yet made much 
progress in the United States is the treatment of the 
cooling water with a measured trace of chlorine gas so as 
to give complete sterilization and prevent the growth ot 
organic deposits on condenser tubes David Brownlie, 
London, England, Power Station Practice in Great Britain. 


July 1934—‘‘Results obtained in practical condenses 
operation have demonstrated the ultimate value of the 
chlorination process from the standpoint of a profitable 
method of controlling condenser tube fouling where slime 
and algae growths are the fouling substances. When this 
method is properly applied and controlled, there ts indi 
cation that the results obtained will be most satisfactory, 
both in costs and advantages in comparison with former 
methods of condenser slime control.'’—-Don J. Nemeth, 
results engr., Detroit Edison Co., Chlorination of Con 
denser Water 


June 1935 An to impartially judge the 


divergent views of authorities on siliceous scale preven 


attempt 


Hardness is no index, pH ought to be about 11.0, 
a means ol 


tion 


and, most important, evaporation 1s not 


elimination since the author notes that siliceous materials 


carry over with the steam R. E. Summers, assistant 


professor, mechanical engineering, Oregon State College, 
Vaterial in Water Chemistry 


Anomalies of Siliceous 


June 1930-—A series of articles prompted by the 


interest in 


Sept 
recirculation of boiler salines covered the 
various ways of introducing the recirculated water at the 
hotwell pump suction, through softeners, ete, ‘‘Recireu 
lation of from 1-2 per cent of boiler water to correct the 
hydrogen ion concentration of the feedwater for protec 
tion of economizers, feedwater pumps and piping. This 
scheme is not universally applicable but one good applica 
tion is where hot process softeners of the lime soda or 
phosphate type are used S. M. Sperry, Utility Man 
agement Corp., John J. Maguire, W. H. & L. D. Betz 


W. J. Tomlinson, Wood Industries, Supply Co., Ltd 


May 1940 
terested in higher 
Water 
‘Boiler feedwater is still a major problem in high pressure 
Return lines from 


The industrial power plant was openly in 


pressure boilers and power cycles 


treatment was one serious consideration 
industrial plant operation 
should be closely watched and equipped with conduc 
tivity meters and alarms. Further the higher first cost 
ind lower efficiency measured by the net kilowatt-hours 


produced will force the evaporator cycle to give way to 


prot cs‘ 


further progress in water treatment within five years 
H. D. Harkins, FE. I. du Pont de Nemours, discussing 
Higher Pressures in Industrial Plants by W. F. Ryan, 


mechanical engr., Stone & Webster Engrg. Corp 


lests indicate silica leaves the boiler as 


1945 
acid and later crystallizes on the lower blades of 


June 
sihicn 
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the turbine. If silica is below 0.1 ppm in the steam no 
But to prevent deposits silica should 
water silica 
scrubbed out of the steam by a pure grade water F.G. 
Straub, H. A. Grabowski, Univ. of Illinois, Silica Deposi 


tion in Steam Turbines 


trouble develops 


be kept below 5 ppm in the boiler and 


Dec, 1944 
ization or the external removal of contaminants had been 
With these 1400-lb units essentially 
treated external to the 


For several years the practice of demineral 


gaining in appeal 
all the 
boilers, phosphoric acid and caustic soda being fed to the 
Resinous ion-exchange material was 


feedwater is chemically 


hot process softener 
in the development stage at the time of these boiler in 
stallations (1942) and was not satisfactory for high tem 
Ihe writers believe these installations are 
ones of their type operating at 1400 psi so 
treated L. F. Wirth, Dow Chemical Company, and 
C. E. Joos, Cochrane Corp., Feedwater Treatment for 
lligh-Pressure Boilers at Dow Chemical Co 


perature use 
the only 


Nov demineralization and 
water-treatment operating experiences, a highlight of the 
Penth Annual Water Conference of the Engineers Society 
of Western Penna., Oct. 1949 At the Midland plant of 
Dow Chemical Co. the header system is applied with an 


that is 


1949 On ion-exchange 


control system almost com 


Water costs, including chemicals, 


extensive central 


pletely automat 
wash water, and the cost of water being processed are on 
the order of 27 cents per thousand gallons with improve 

ments in operation now planned that will reduce thes¢ 


L. F. Wirth, power div., Dow Chemical Co 


Present evidence with operation of resin zeolites indi 


costs 


cates these materials have long life when installed under 
proper Phenolic materials withstand 
high and low pH, high temperature, attack by algae, foul 


conditions base 
ing with growths, ion and calcium deposits and attrition 
affected by 
residual chlorine concentrations in of O.S 
ppm V. J. Calise, Graver Water Conditioning Co., 
I’x periences with Resin Zeolites in the Ilydrogen Cycle 


due to repeated backwashing, but they are 


Tree excess 


Nov 1953-—-Chemical cleaning of metal surfaces, 
partie ularly those of boilers, heat ex« hangers and con 
densers by acids has become an accepted operating pro 
cedure especially saving of labor costs Although hy 
drochlorie acid is the principal solvent currently used for 
chemical cleaning, new materials and techniques are 
rapidly replacing it for some applications. Attempts are 
being made to develop new scale removing chemicals 
which will eliminate the use of mineral acids altogether 
Realization of such developments would solve many 
current problems including acid corrosion, disposal of 
spent solvents after-rusting difficulties P. H. 


Cardwell, Dowell Inc., Chemical Cleaning Advances 


April 1954 


as its decomposition to sulfide and its tendency to seep 


ind 


rhe undesirable properties of sulfite such 


around hand hole gaskets, valve stems and pump glands 
resulted in corrosion and scale formation so that main 
tenance ran heavy, particularly for 900 psig 
Several chemicals were tried and hydrazine seemed most 


boilers 
promising. It seems to have definite advantages as an 
oxygen scavenger in high-pressure boiler service, but 
proved somewhat difficult to control within desirable 
limits E. C. Fiss, chief chemical engineer, Duke Power 
Co. Experience in the L’se of Iydrasine for Boilers. 
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Fuels and Firing: 

Nov. 1929 
and looking for accessible fuel supplies 
story of tapping nature's reservoirs for the commercial 
Here is a fuel that provides its own 


The West Coast was beginning to expand 
“An interesting 


needs of society 
motive power for transportation over the several hundred 
miles between wells and C. W. Geiger, San 
Francisco, A 282 Mile Pipe Line for Natural Gas 


cities 


1934—The period from the early thirties through the 


depression was characterized by a quantity of excellent 


articles and papers covering all the phases of fuel burning 
and especially so for pulverized coal, viz., the Kreisinger 
Nicolai and Patterson series. Still others of note on less 
frequently reported matters were the articles, 7 empering 
Coal and Its Effect on Combustion—R. A. Sherman, 
Battelle Memorial Institute, J. R. Blanchard, coopera 
tive research fellow, Battelle Memorial Institute and 
Ohio State Univ., D. J. Demorest, professor of metal 
lurgy, Ohio State Dec. 1934-—-and Lignite 
Burned on Traveling Grates at University of Texas——Carl J. 
Eckhardt, Jr., Univ. of Texas and W. H. Wood, Com 


bustion Engineering Co 


Univ 


May 1940-—-An early study of limited interest at the 
time of its presentation but of later national value A 
review of the principal differences in operating character 
istics that show up in changing from pulverized coal to 
natural gas or vice versa. With boilers operating with 100 
deg superheat or less, no problems are apt to show up 
But with 300 deg of superheat or more, control of final 
steam temperature may be difficult. Simultaneous use of 
the 
valueless 


fail with introduction of gas mixtures and are incorrect 


render automatic combustion controls 


CO» percentages that are correct for all coal 


fuels could 


with all gas. The answer seems to be a control based on 
the measurement of excess oxygen in the flue gas H. 
A. Kleinman, Peoples Power Co., 


Gas and Pulverized Coal 


Intermitient Burning of 


Oct. 1944 A review of what has happened abroad 


typical yields to be expected from various U. S. coals, 
as established by preliminary research, and the program 
the Bureau of Mines under the recently 
passed Synthetic Liquid Fuels Act A. C. Fieldner, 
H. H. Storch, L. L. Hirst, U.S. Bureau of Mines, //ydro 


genation and Liquefaction of Coal and Lignite 


planned by 


Dec. 1949 
vestigating the effect of pressure on combustion of pul 


A laboratory setup and procedure for in 
verized coal produced these results. The degree of com 
pleteness of combustion, even at temperature levels giving 
uniform ignition, increased strongly with increasing tem 
perature, increased moderately with partial pressure of 
oxygen and was strongly depressed by increasing total 
pressure T. T. Omori, California Institute of Tech 
nology and A. A. Orning, Carnegie Institute of Tech 
nology, Effect of Pressure on Combustion of Coal 


larch 1954 Here is some of the development work 
behind the attempt of the Texas Power & Light Co 
the Aluminum Co. of America to use a char produced 


from low temperature carbonization of lignite as a direct 


ind 


fuel for power generation and, in the process, get a yield 
of marketable tar that will make the project pay V.F. 
Parry, U. S. Bureau of Mines, Low Temperature Car 
bonization of Coal and Lignite for Industrial Uses 
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Steam and Gas Turbines: 


Jan. 1935 It appears as though the superposition of 
high pressure, high temperature equipment exhausting 
into older low pressure equipment will be used extensively 
in the near future since it increases capacity of old sta- 
measurable increase in net overall 
thermal efficiency \nother very late proposal was to 
use turbine and boiler as a unit with the turbine output 


It is significant 


tions, and gives a 


controlled by variation of boiler pressure. 
that at least one manufacturer expresses willingness to 
construct a 200,000 kw turbine to operate with an initial 
steam pressure of 1200 psi, and 1000 F, tandem type, no 
reheat. C. F. Hirshfeld, chief of research, Detroit Edi 
son Co., Progress in Steam Power. 


Jan. 1940 A committee of the Verein Deutscher 
Ingenieure working with the German Standards Com 
mission from 1936 recommended standard steam condi 
tions involving 15 pressures and an incremental series of 
sixteen temperatures. This report brings this 
standardization up to date to involve boilers, fittings, 
auxiliaries, and piping as well as turbine 
generators. Steam conditions have been set at four pres 
569, 910, and 1778 psi—and steam tem- 
Twelve capacities have 


steam 
economizers, 
sures 1138, 
peratures at 842 F and 932 F 
been fixed and provisions made for standardized types 
Rules have been promulgated for manufacturers on de 
livery and relations between purchasers.'’—-News report 
on Further Power Plant Standardization in Germany 


Escher Wyss has developed a combus 
It involves a 


Mar 
tion turbine operating on a new principle. 
closed circuit in which the combustion products do not 
flow through a turbine but instead heat air as a working 


1940 


medium which passes through a separate circuit Euro 


pean news report 


May 
Brown 


1940 
Joveri in connection with the Holtzwarth gas 


\ discussion of the development work of 
turbine cycle since 1909, particularly with reference to 
Now 
thermodynamics of gas 
it 1000 to 1100 F, and an air com 


supercharging with an accurate knowledge of 
combustion, materials to with 
stand combustion gas 
pressor with sufficiently high adiabatic efficiency to con 
vert the former power deficiency into surpluses the gas 
turbine has come into its own. Present thermal efficien 
cies limited by available materials are not high enough for 


primary power generation but the gas turbine with its 


rapid starting has possibilities for standby and peak-load 


Paul R. Sidler, Brown-Boveri Co., The Com 


hustion Gas 1 urbine 


service 


Nov 


comments at 


1944 The 
length on the 


iuthor covers probable trends and 
ASME-AIEE 
Standards for ratings and steam conditions for steam 
turbine generators from 10,000 kw to 60,000 kw C.B. 
Campbell, Westinghouse Electric & Mfg. Co., Progress in 
Steam Engineering 


pre ype sed 


May 1950 A follow-up of an earlier paper in June 
1947 adopts the same principle of a quick-start procedure 
to admit steam at a temperature equal to or higher than 
section of the ma 


the metal temperature of the heavy 


chine. This paper points out a fallacy in the belief of 
some operators that little or no metal stress develops in 
the turbine when it is started immediately after an acci 
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dental shutdown, Even after a few minutes shutdown 
the turbine temperature may be several degrees hotter 
than the entering steam on restarting. The turbine 
spindle, with its higher rate of heat transfer, cools off 
faster than the turbine shell and a possible forward axial 
rub may result.’’—J. C. Falkner, D. W. Napier, C. W. 
Kellstedt, Consolidated Edison Co. of N. Y., Quick Starts 
on Large Turbines and Boilers 

Sept. 1953-—"‘An analytical study to determine the 
feasibility of using exhaust gas from a gas turbine to 
support combustion in an existing steam generator and 
the effect of this arrangement on both steam generator 
performance and the combined heat rate.'’-J. F. Lee, 
associate professor, mechanical engineering, North Caro 
lina State College, The Gas Turbine as a Combustion 
lopping Unit. 


Nuclear Energy: 


Nov. 1947-——‘There are at least four elements to the 
problem of making atomic power a practical reality 
One is to get energy in a usable form, which probably 
means in the form of high-temperature heat. Second, is 
to have a reasonable rate of generation of power per unit 
of nuclear fuel invested. Third, is to have adequate 
stocks of such fuel to activate a sizable atomic power in 
dustry. Fourth, is to prevent wastage or loss of this 
precious fuel in the complex business of handling it. All 
in all, the author concludes that at least eight to ten years 
will lapse before a useful and practical demonstration 
David E. Lillienthal, chairman, U 


Atomic Energy and 


plant is operating.” 
S. Atomic Energy 
American Industry 


Commission, 


Dec. 1949 Assuming that the problem of breeding 
will have been successfully developed, one pound of 
uranium will do the work of 1500 tons of 13,000 Btu coal 
While the fuel cost, as such, will be cheap the processing 
of the fuel will involve elaborate and relatively expensive 
chemical operations. Estimates of capital costs have 
ranged from $140 to as high as $1000 per kilowatt upon 
which depreciation rates will be higher than normal be 
cause of the more rapid obsolescence in a new tech 
nology.’’--Phillip A. Sporn, president, American Gas & 
Electric Service Corp., Alomic Energy Power Prospects 

June 1954——The first six months of 1954 saw so many 
proposals and discussions on the development of atomi 
energy for peaceful purposes that Dr. Lawrence R. Haf 
stad, director of the AEC reactor development division, 
declared we were now ushering in the ‘‘second generation 
of power reactor development. The following article r 
flects this development. ‘‘No one has ever built a power 
reactor like this before. The slight enrichment, the long 
core life span, the deliberate intent to burn plutonium 
after it is generated through reactor operation, the use of 
ordinary water in conjunction with the other features, and 
additional matters which I am not at liberty to disclos« 
each of these objectives considered separately, is without 
prec edent, at least in the free world Considered in the 
aggregate, they mean that we are struggling to take a long 
stride into the unknown C. H. Weaver, Westinghouse 
Electric Corp., Basic Design of First Central Station 
Vuclear Power Plant 





CHEMICAL CLEANING SAVED 
400 TONS OF COAL PER YEAR 


Fly ash, soot and carbonate deposits removed from 
condenser by Dowell; vacuum increased 
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Fly ash and carbonate deposits on the water side of an 
100-KW turbo surface condenser had reduced vacuum 
from a normal 28" to 24”. The temperature of the 
water leaving the condenser had dropped from 95°F. 
to 85°F. 

These deposits were removed by Dowell Service with 
specially prepared liquid solvents. Result: the con 
denser was restored to its normal operating efhiciency. 
The steam requirement was reduced by 2.5 pounds pet 
kilowatt hour. On the basis of 8,000 hours of yearly 
operation, the plant engineer calculated a saving of at 


least WOO tons of coal pet year. 


Dowell chemical cleaning methods can be used on 
hundreds of different kinds of industrial equipment. 


DOWELL SERVICE 


Engineers especially trained for this kind of work do 
the job for you. They apply solvents according to the 
technique demanded by the job: filling, spraying, 
jetting, cascading or vaporizing. Dowell liquid solvents 
reaching 
Scalt- 


can go wherever steam or water will flow, 
places inaccessible to other cleaning methods. 
folding is unnecessary. Dismantling and downtime are 
kept to a minimum. 

A call for Dowell Service will bring experienced per- 
sonnel to your plant within a few hours with all neces- 
sary chemicals, pump trucks and control equipment. 
For complete information and estimates on the clean- 
ing of your equipment, contact the nearest Dowell 


office, or write directly to Tulsa. Dept G-25 


DOWELL 


Over 100 Offices to Serve You with Chemical Cleaning for: 


Heat Exchangers - 
Gas Washers - 


Boilers - Condensers - 
Pipe Lines - 


Process Equipment - 


Piping Systems - 
Evaporators - 


Cooling Systems 
Process Towers 


Filter Beds + Tanks 


A Service Subsidiary of 
THE DOW CHEMICAL COMPANY 


Chemical Services for Oil, Gas and Water Wells 
DOWELL INCORPORATED « TULSA 1, OKLAHOMA 


duly 1954—-COMBUSTION 





The Application and Development of 
the Turbo Steam Separator 


In the advancing art and science of boiler design, considerable 


developmental effort has been expended upon improving meth- 


ods of steam separation. 


interest in this process are (1) the need for steam of maximum 
purity because of its effect upon turbine performance, (2) the de- 


The primary reasons for continuing 


By T. RAVESE 


Combustion Engineering, Inc. 


sirability of separation with minimum effect upon boiler circu- 


lation, and (3) the desire to achieve steam separation within toler- 


able space requirements. 


UMEROUS laboratory and field tests were made of 
various designs of steam drum internals before 
the unit described in this article was adapted as a 
shows a 


1 he 


supporting flange which is set on 


section 


Fig. | 
separator 


standard for present boilers 


through the turb« team unit is 
mounted vertically on 
a companion welded to the steam drum panel 
Che steam-water mixture enters the turbo separator at 
the bottom of the primary unit. As this mixture flows 


upward, the fixed spinner vanes throw the water to the 


flange 


outer edge of the tube thus forcing the steam toward the 
inside of the Just 
zzle with a skim-off lip which captures the 


tubs ibove the spinner 1s a steam 
collector ni 
long the outer edge of the primary 


» the drum through the annulus sur 


layer of water flowing 
tube and returns it t 
rounding the inner tubs rhis is the first stage of steam 
water separation 
Steam then passes through the steam collector nozzle 
into the 


Phe second stage of the separator consists of the two op 


secondary separator for the next cleaning stage. 


posed banks of close] yaced thin corrugated plates or 
sheets which direct the steam horizontally in a tortuous 
remaining water against the corru 
velocity is relatively low, this wa 


path and force any 
gated plates Since the 
ter cannot again be picked from the wetted surface and 
the corrugated plates and off the 
from the two steam outlets. rhe 


direction 


therefore runs dow1 

econd-stage lips aw iV 
team outlets can discharge desired 
ince the 


ingle on the 


in ,any 


econdary separator can be positioned at any 


primary tubs Che steam outlets can dis 


charge along the length of the drum, across the drum o1 


il intermediate position his makes it possible to 


sition the eparator steam outlets to the 


pe 
best advantage 


In the « i orn | ine 


must | n to th 


ulation boilers where consid 


eration pressure loss through the 


internals the secondar eparator steam outlets dis 


} 


cnarge 


across the that the maximum number of 
tall ri < 
tor units are required, and the 


units can be in ontrolled-circulation boilers 


fewer turbo steam 


| } 


econdary eam ¢ | lischarge lengthwise in the 


drun 
Circulation Botler 


insta 1110 Valtura 


i 


through a steam drum with turbo 


talled in 


\ typical section 


steam separators in i natural-circulation boiler 
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Fig. 1—Sectional view through a typical turbo separator 

illustrates the major paths through which the separator 

puts the stearn-water mixture to deliver a stearm of maxi- 
mum purity to the drum outlet 


is shown in Fig. 2 Che steam-water mixture discharges 
through nozzles into the drum and is collected in a com 
internal baffles of welded-panel 


partment formed by 


watertight construction [Iwo rows of separators are 
used; one row is mounted directly on this compartment 
and the second row is mounted on tube elbows which are 
connected to the side of the Since 


the friction loss in the connecting tube is small with re 


same compartinent 


spect to the loss through the separator, good flow distri 


bution through the units is obtained. Screen dryers are 
positioned directly below the steam outlet nozzles m the 
third steam cleaning 


drum These dryers provide the 


stage as well as a deterrent for steam carryover during 
steam drum water level may 


Chemical feed and 


abnormal conditions when 
be above the range of the gage glass 
continuous blowdown locations have been selected to best 
minunum blowdown and maximum 


advantage to insure 


mixing of chemical with boiler water 





Steom Drum interne! Arrengement 
WATURAL CIRCULATION BOILER 


Fig. 2—Natural circulation boilers require particular atten- 

tion to pressure losses so secondary-separator steam outlets 

are pod to discharge across the drums and allow a maxi- 

mum number of separators to work toward optimum steam 
conditions 


Installation in Controlled-Circulation Boiler 


\ typical section through a steam drum with turbo 
steam separators installed in a _ controlled-circulation 
boiler' is shown in Fig. 3. The arrangement of panels 
and separators is symmetrical, thereby simplifying the 
steam drum internal arrangement. The steam-water 
mixture travels downward through the opening formed 
by the inner edge of the steam drum on one side and con 
then 
flows upward with steam outlets from the secondary sep 
rhe 


screen dryers are set directly above the separators as is the 


tinuous welded panel sections on the other. It 
arators discharging along the length of the drum 
case for natural circulation boilers. Locations are shown 
for the continuous blowdown and chemical feed lines 
The feed line is set at the bottom of the drum with perfo 
rations directly over the downcomers Chis minimizes 
steam condensation in the 


net positive suction head for the circulating pumps 


drum and assures maximum 


Method of Installation 


\ll the steam drum welded panels are installed in the 
shops and pressure tested for tightness so that the only 
field work consists of installing the turbo separators 
rhe bolting arrangements of the primary and secondary 
units make the installation task a simple one. It is pos 


sible to install or remove all separators for a large boiler 


in about a half day Chis is a highly desirable considera 
tion for expediting work during maintenance periods 
Inspection plugs are provided in the panels so that the 


drum welds can be inspected 


at the 1053 ASME 
Bowler 


Thies was deseribed briefly by Mr. W. H. Armacost 
Annual Meeting in « paper entitied The Controlled-Circulation 
5, N 
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Steom Drum interno! Arrangement 
JONTROLLED CIRCULATION BOILER 


Fig. 3—Controlled circulation designs permit ernploying a 
ressure drop across the separator to advantage and hence 
ewer separator units are needed and they can discharge 

steam lengthwise in the drum 


Drum Metal Temperature on Startup 


rhis type of drum internal installation in controlled 
circulation boilers insures uniform shell temperatures be 
cause of the positive circulation supplied by the pump 
The boiler can be brought up to normal operating pres 
sure in much less time than a similar natural circulation 
boiler without incurring temperature stresses due to un 
even heating of the shell 

\s an example, tests were made on one of the recently 
installed controlled circulation boilers in which the shell 
temperature rise averaged 220 deg F per hr These data 
are shown plotted in the accompanying curves of Fig. 4 
Maximum temperature variations in the shell are less 
than 70 deg F. Additional minor changes in the design 
of drum baffles have been made to reduce even further 
the small differences in shell temperatures 


Development 


In 1942 this company designed and built a controlled 
circulation boiler for the Bureau of Ships and installed it 
in the Boiler and Turbine Laboratory of the Philadelphia 
Naval shipyard. In keeping with Naval requirements 
ind also to minimize use of 


World War II, 


critical materials during 


the unit was designed for extreme com 


pactness, thereby saving considerable weight and mate 
Since this particular boiler 


rial in the 
was intended for use at the 
drum than was dictated by the drum internal knowledg« 
at that time was installed, and further development work 


pressure parts 


laboratory, a smaller steam 


was anti ipated 
Shortly after the start of an intensive 
test program it became evident that no modification of 


steam purity 


existing steam drum internals would meet the rigid Navy 
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Fig. 4—Arrangement of drum internals in Fig. 3, coupled 
with the positive circulation supplied by the pump in con- 
trolled circulation boilers, insures uniform drum shell 


specifications of steam dryness. A program of develop 
ment of drum internals was begun shortly thereafter 
In this design advantage could be taken of the available 
head in the circulating pumps for the controlled-circula 
tion boilers 

Following initial intensive investigation the separator 
designs were limited to those employing the fundamental 
principle of centrifugal separation. Numerous types of 
drum internals were tested before the separator now in 
commercial use was developed. The present unit was 
adopted only after rigid tests showed that it was capable 
of surpassing performance guarantees. Tests at the lab 
oratory showed that the solid carryover in the steam was 
less than 0.5 ppm when the boiler water concentration 
was in excess of 1100 ppm and drum water level varied 
three n. from normal 

In 1950 installations of turbo steam separators were 
natural circulation boilers, one 
Later in the same year these in 


made in two stationary 
operating at 1400 psig 

ternals were installed in the Montaup controlled-circula 
tion boiler where replacement of existing internals was 
necessary the 
rests were conducted with two circulating pumps, which 
ind with three circulating pumps 


because of acid corrosion of internals 
ire normally in service, 
it full load on the boiler 
idversely affected by the 
circulated by the third pump 

In every case the turbo steam separators proved supe 


This was 


Steam purity results were not 
additional water which was 


rior to the internals which had been replaced 
because they permitted higher drum water level op 
eration, (2) buildup of boiler water concentration to 
steam with less solid 


higher values, (3) generation of 
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ternperatures as plotted above, which makes faster start-up 


times possible without incurring stresses from temperature 
differences in drum metal 


6:25 


6.40 


carryover and (4) eliminated the necessity for the front 
steam-separating drum in natural-circulation boilers 
The Montaup tests showed that the steam dry drum is 
also unnecessary, and this drum is omitted in current de 

signs of controlled-circulation boilers. Also, it has not 
been necessary to wash the topping turbine at Montaup 
since the installation of the turbo separators, whereas 
previously it was necessary to do this on an intermittent 
basis. Preliminary installed 
trolled-circulation boilers show that the total dissolved 
solids concentration in the saturated steam is less than 
0.1 ppm with normal boiler water concentration. In the 
newer controlled-circulation boilers, which have been in 


tests on recently con 


operation nearly two years, there is similar indication 
that turbine washing is not necessary 


Conclusion 


Present designs of turbo steam separators have been 
successfully used in boilers operating from 700 to 2600 
100,000 to 


Designs are being pro 


psig and having capacities ranging from 
1,100,000 Ib of steam per hour 
jected for boilers of smaller capacity as well as for units 
having a steam output of 1,700,000 Ib per hr and higher 
The internals now in use have permitted operation of 
boilers with more efficient steam separation in smaller 
diameter drums than They also 
permit greater steam release per foot of drum length 


previously required 


Field experience over a period of seven years indicates 
that the original objectives of the development program 
have been fulfilled 


process to obtain higher stearm release rates and even 


Further investigations are now in 


more efficient steam separation 
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Fig. 2—Moisture removal by superheat Sa a & heidi = 
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pressure expense hurts cycle efficiency THROTTLE STEAM PRESSURE-PSIG 
Fig. 1—Left shows two methods of reducing the moisture content in steam 
passing over the last few rows of turbine blades by: (a) non-regenerative 


moisture-separator cycle, (b) regenerative moisture separator cycle. Fig. 
right above, shows the exhaust moisture in per cent for straight condensing- 
turbine-cycle at 1.5 in. Hg abs. back pressure. Fig. 2 shows performance, sare 


unit. 


Comparative Performance of Turbine 
Units in Saturated Steam Cycles 


This paper extends performance data for cen- 
tral-station turbine generators into the region of 
saturated stearn where few or no data are avail- 
able for large unit ratings of the order of 100 mw 
capability or greater. In the region of saturated 
stearn sorme moisture reduction steps are needed 
and the various schemes are discussed as well 
as a brief review of turbine design considerations. 


N atomic power plants, the physical properties of some 
nuclear-reactor structural materials and coolant media 
impose serious limitations on the steam-generator 

outlet temperature which results in turbine-throttle con 
ditions radically different from present-day practice 

\t first glance, the utilization of saturated-steam turbine 

cycles appears as a complete reversal of the years of 
development which have extended operating conditions 
to supercritical pressures and temperatures. The sub 
stitution of a nuclear reactor as the heat source in a 
power plant introduces radical changes in the fuel and 
capital cost picture, and since the plant efficiency re 
quires economic justification, it is not possible to exclude 
saturated-steam cycles from consideration 

Chis paper is intended for integration with other in 
vestigations which are being made to evaluate properly 
the application of atomic energy to central-station power 
generation. Though numerous performance data!’ are 


* Presented before the Semi-Annual Meeting, the American Society of Me 


chanical Engineers, June 20-24, 1054, Pittsburgh, Penna 

''' Thermal Performance of Modern Turbines by Reese, H. R., and Carl 
son, |. BR Wechanical Engineering, Vol. 74, 1952, pp. 205-211 

*' Performance Data 12600 Condensing Turbine Generator Units, 12.650 
kw to 100,000 kw, Inclusive AIKE-ASME Preferred Standard Rating 


Westinghouse Electric Corp., June 105 
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available to elevated temperatures, few data at reduced 
temperatures in the vicinity of saturated steam for large 
unit ratings are available. This paper supplements avail 
able steam-cycle performance data for large turbine- 
generator units in the region of saturated steam. Tur 
bine-generator units of large capability offer the desirable 
features of low unit cost and high efficiency. A high 
percentage of units purchased for central-station appli 
cation in recent years are rated at 100 mw or larger with 
a few units as large as 250 mw. For these reasons, this 
investigation has been restricted to units of 100 mw 
capability or greater 

Since the steam-turbine cycle performance is subject 
to many variables, the data presented is meant only to 
establish a performance level and trend which can be 
anticipated with present-day turbine practice Phe 
turbine efficiencies used in arriving at the cycle efficiency 
have been derived from available information on units 
operating at elevated temperatures. These efficiencies 
have been extended for application in the region of 
saturated steam by the introduction of a moisture cor 
rection. The Appendix at the back of the article reviews 
the procedure followed in the determination of cycle 
performance. (See pp. 53-54) 
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Fig. 5—Turbine element outlet mois- 
ture 


rhe sections on turbine-design consideration and mois 
ture reduction, below, have been included to introduce 
the reader to the problems arising from the use of satu 
rated-steam cycles his background information is de 
sirable for a better understanding of the performance 


data which follow in later sections. 
Turbine-Design Considerations 


Before any thermodynamic investigation of the satu 
rated-steam turbine cycle, let’s review briefly the turbine 
features affected by the use of saturated steam 

Owing to the reduced throttle temperatures and pres 
sures and available energy, both the mass and volumetric 
flow are correspondingly large, and dictate an increase in 
the turbine size lurbine size is restricted by the avail 
able exhaust-blade flow area which in turn is established 
by mechanical strength considerations of the turbine 
blading. The limitations on the exhaust-annulus area 
result in an increase in the number of low-pressure ends 
ind the multiple comipounding of the turbine elements, 
Because of the larger exhaust-annulus area available in 
the 1800-rpm unit, its maximum capability is greater 
than that of the 3600-rpm unit. At the head end of the 
turbine, the large volumetric flow and resulting space 
limitations make the design of the control valves and 
partial admission stages difficult and may dictate their 
elimination, particularly in base load machine applica 
tions. For speeds and drum diameter comparable to 
present-day practice, fewer stages of turbine blading are 
required because of lower available energy. 

rhe large volumetric steam flow improves the internal 
but this effect is more than 
Not only is moisture 


dry-stage turbine efficien 
offset by the moisture correction 
detrimental to efficiency, but it also dictates extensive 
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Fig. 7—Separators, 5% less moisture 


maintenance which increases rapidly with increase of 
moisture and places severe limitations on the life of the 
turbine. The life expectancy of the last few rows of tur 
bine blades is estimated at 10 years for 12 per cent mois 
ture and 6 years for 15 per cent moisture. A high mois 
ture content undoubtedly will dictate extensive stellited 
blade shielding and stainless-steel cylinder liners. The 
prevalence ol excessive moisture requires some scheme 
for moisture reduction which may impose design restric 
tions on the turbine 

rhe consideration of exhaust losses is coupled closely 
with turbine size and efficiency. For a given annulus 
velocity, the percentage exhaust loss is greater in satu 
rated-steam cycles than in cycles operating at elevated 
temperatures since the available heat drop is correspond 
ingly smaller. Though the final selection of the low 
pressure end is dependent upon an economic evaluation, 
it is evident that a more liberal exhaust-annulus area is 
justified in the saturated-steam cycle when it is compared 
to the superheat cycle on the basis of identical energy 
costs at the turbine throttle. 


Voisture Reduction 


With saturated steam, throttle steam pressures above 
50 psig results in high end-point moisture especially when 
expansion occurs to back pressures meeting present cen 
tral-station practice, so some method of moisture re! 
tion must be affected. By using higher back pressures, 
or lower saturated throttle pressures, the steam-moisture 
content is reduced, but both of these schemes lower the 
cycle efficiency 

The addition of superheat at the turbine throttle is a 
desirable method for reduction of moisture, but only if 
there is a corresponding increase in the throttle pressure 
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Fig. 9—Above, shows non-regererative steam cycle performance with separators; 
Fig. 10, center, gives effect of back pressure; Fig. 11, right, pictures feedwater 


heater influence. 


Phe thermodynamic implications of this scheme are dis 
cussed later in this article 

The steam reheater or 
duce the moisture content of the steam, and at the same 
In saturated 


moisture separator may re 


time serve to improve the cycle efficiency 
steam cycles using a reheater the steam expands partially 
through the high-pressure element of the turbine, follow 
ing which heat is added to the steam from an external 
source before it Heat may be 
added to the steam in the following reheaters 


returns to the turbine. 


Combustion-fired reheater 
Primary coolant-circuit reheater 


Live-steam reheater 


[ype (1) is similar to the conventional fired reheater 
It is not arrangement the com 
plexity of the additional heat source and its associated 
Heat exchangers of types (2) and (3) re 
nuclear-reactor primary coolant 
and indirectly through the boiler 
generated steam in the other Type (2) makes 
possible the reheating of steam to the initial temperature 
but only at the cost of increased reactor shielding, piping 
and superheater surface. Type (3) reheater avoids any 
increase in the reactor shielding but it is only possible 
to reheat to the throttle temperature less the superheater 


a desirabl because of 
equipment 


ceive heat from the 
directly in one case 


Case 


terminal difference 

For the cycle using a moisture separator, the turbine 
arrangement, Fig. |, is similar to that of the reheat cycle 
in that steam is removed from the turbine after partial 
expansion and piped to the separator for moisture re 
moval before being returned to the turbine. The sep 
arator drains may be pumped directly into the feed 
water or flashed to a low-pressure heater or condenser. 
here are many types of separator designs but all may 
be grouped into two general categories |) Baffle or 
screen type; (2) centrifugal type 

All separators employ a change in direction of the steam 
flow to accomplish the separation, but the difference lies 
in the force applied to bring it about rhe one type 
uses a physical obstruction while the other takes ad- 
vantage of centrifugal action. The centrifugal separa 
tor has the combined advantages of high efficiency, broad 
range of operation, low pressure drop, and low cost 


rhe centrifugal separator may be classified further into 
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the rotary and stationary types. Of these two the 
Stationary type has the advantage of lack of moving 
parts, low maintenance, minor erosion and no power re- 
quirements. The steam separator may be an external 
unit or it may be incorporated internally within the tur- 


bine-flow path 


Superheated Versus Saturated Steam 


The cycle efficiency can be improved and the moistur« 
content of the steam reduced by the addition of super 
heat at the turbine throttle. Figs. 2 and 3 illustrate the 
straight condensing cycle efficiencies and end-point mois 
ture which can be realized in the low superheat and 
saturated-steam regions. Above 600 psi, the end-point 
moisture correction factor 
There 


moisture is excessive and the 
used in the efficiency calculations questionabk 
fore, no data have been presented above this pressure 
for straight condensing cycles 

It will be noted that the addition of superheat at the 
throttle is desirable only if it is coupled with a parallel 
increase in the throttle temperature. With a 
maximum throttle temperature (limited by the nuclear 
reactor), superheating at constant temperature at the 
expense of throttle pressure is detrimental to cycle effi 


given 


ciency, Fig. 2 

Therefore, a comparison of straight condensing cycles 
with saturated throttle steam against those with super- 
heat for identical throttle temperatures indicates a ther- 
modynamic advantage for the saturated-steam cycle 
provided the end-point moisture presents no limitation. 
In addition, the superheat cycle entails increased costs 
resulting from the heat exchanger surface requirements 
and thus leaves little, if any, justification for the super 
heat cycle. 

If the throttle temperature is allowed to increase with 
the addition of superheat, it will be noted that there is a 
rate of change of throttle temperature to superheat 
which finally results in a cycle improvement even though 
the throttle pressure be allowed to decrease. The cycle 
efficiency will be improved still further as the rate of 
change of throttle temperature to superheat is increased, 
reaching a point where the throttle temperature to super 
heat is increased, reaching a point where the throttle pres 
sure must be increased 


If the with 


nonregenerative saturated-steam cycle 
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a single moisture-separator stage (discussed in later 


paragraphs) is superimposed on Figs. 2 and 3, it will be 
found that the 
steam-cycle efficiency 1 


saturated 
100 
), while the moisture is approxi 
200 F superheat curve in 


nonregenerative-separator 
ilmost coincident with the 
F superheat curve in Fig 
mately 
hig. 3. On the 
lor either cycle, and that the throttle pressure is held con 


coincident with the 


assumption that plant costs are identical 


the superheat cycle requires a 100 F increase in 
temperature to with the 
\Ilthough no economic evaluation 


tant 
throttle 
steam-separator cy¢ le 


compete saturated 


is presented, it is the authors’ opinion that the super 
heat-cycle costs resulting from increased heat-exchanger 
piping, radiation 
will exceed the cost of the moisture-separator installation, 


surlace, shielding and reactor cost, 
thus requiring a still higher throttle temperature to be 
competitive. In such an the in 
resulting from the lower end-point 


economic evaluation 
creased turbine life 
moisture content of the saturated-steam-separator cycle 


ilso must be included 


Steam Reheater Versus Moisture Separator 


soth the reheater and separator have large space and 
weight requirements, but the separator has the advantage 
ibility of inclusion within the 
The internal separator 


requirements for space, 


of low cost and the pos 


confines of the turbine cylinder 


undoubtedly would reduce the 
the principal reason being that the large external piping 
would be eliminated 

A thermodynamic comparison of 


cycles is presented in 


the steam reheater 


ind separator nonregenerative 


The 


psig saturated throttle 


Fig. 4 comparisot made at 150 psig and 600 
nlet conditions for one separator 

and #4 illustrate the reheat and 
the 


The curves 


reheater) stage Curve 


eparator cycles, re pectively, both cevcles drying 


team to a moisture content of 1 per cent 
indicate that if the reheater and moisture-separator in 
compared on the basis of identical thermo 


the vt 


tallations are 
parator is the obvious choice 
An ex 


maximum eth 


lynamic conditions 
ind higher efficiency 
that the 
iency ol single-stage 
when the separator ts located at 10 per cent of the throttle 
further the efficiency 


with that separator location which 


lower cost 
Fig. 4 indicat 


the steam separator 


or reasons ol 
imimation ol 


evcle occurs 


pressure Fig. 5 indicates that 


coincident 


pe ik 1s 
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500 550 600 Fig. 14—Maximum capabilities with 
available annulus areas 


“600 Fig. 12—Left, steam flow to throttle and condenser shows reduction in mass 
flow with lower temperature 


Fig. 13 presents exhaust-annulus area needs 


both the 
Later 
work, which is described in subsequent sections, indicates 
that the foregoing fact relative to the optimum turbine 
efficiency also holds true for multiple-separator applica 


results in an identical outlet moisture from 


high-pressure and low-pressure turbine elements 


tions 
If it is possible to reheat the steam to the initial 
Fig. 4, the 


advantage 


throttle temperature, shown by curves ¢ in 
steam reheater assumes the thermodynamu 
rhis results from the fact that the moisture separator 
can only dry (reheat) the steam up to the saturation line 
as the ideal limit. This comparison requires an economic 
evaluation to determine if the higher efliciency 1s suflicient 
to offset the cost differential between the separator and 
Ihe increased cost of the reheatet 
installation the 
shielding, primary coolant holdup, reheater-suriace re 
It is the opinion of the 


reheater installations 
results from an increase in reactor 
quirements, valves and piping 
authors that these costs in addition to considerations of 
pace, weight and complexity are of such magnitude that 


the steam reheater cannot be justified 
Performance 


It has been shown in previous sections that, with 
throttle temperatures, 
means ot 


saturated-steam cycles 


rather 


limited 


moisture reduction than 
cycles should be The 
methods of moisture reduction indi 
Theretore, 


ubse quent 


with some 


superheated-stearm employed 
discussion on the 
cated a preference for the steam separator 
the performance which is presented in the 
paragraphs will be confined to the saturated-steam cycle 
using separators. The intent of the work which follows 


establish a level of performance and to discuss 


is to 
the effect of the cyt le parameters on perlormance 

The effect of 
cycle efficiency for 
cycles in which the separator-outlet moisture 1s one per 
cent is shown in Fig. 6, while the effect on turbine-cle 


number of separators on 


location and 


nonregenerative saturated-steam 


ment-outlet moisture is presented in the left-hand column 
of Fig. 8 deliver 
steam with five per cent moisture are shown in Fig. 7, 
and in the right-hand column of Fig. 8. In both of these 
figures the the high-pressure separator is 
given in terms of the throttle pressure. When multiple 


separators are employed, they are located s0 as to give 


Similar curves for separators that 


location of 
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equal high-pressure and intermediate-pressure turbine 
outlet moistures. The variation of this moisture with 
separator location is shown in Fig. 8 by the curves 
designated X. The other curves in Fig. 8 indicate the 
variation of low-pressure turbine-element-outlet moisture 
Phe 
indicate the number of separators in the cycle. Exam 
7 and 8 indicates that optimum per 


with separator location numbers on these curves 
ination of Figs. 6, 
formance of a separator cycle in which all separators have 
equal outlet moisture is obtained when the separator 
that the outlet 
turbine elements is equal. Comparison of Figs. 6 and 7 
reveals that the maximum cycle efficiency is obtained 


locations are such moisture of all the 


when the separator-outlet moisture is minimized 
data are restricted to 


moisture 1s 


All subsequent 
cycles in which the separator-outlet 


periormance 
one 
per cent and the separators are located at the thermo 
dynamic optimum positions without regard to design 
\s indicated previously, the thermodynamic 
optimum the inlet 
moisture to the separators is identical and equal to the 
outlet moisture of the low-pressure turbine element. 
For those cycles using one, two or three separators, the 


limitations 


arrangement is obtained when 


optimum high-pressure separator location will be ap 
proximately 10, 25 and 40 per cent of the throttle pres 
sure, respectively, as is demonstrated by Fig. 6 

rhe optimum performance of nonregenerative satu 
rated-steaim cycles with one, two and three separators is 
shown in Fig. 9 as a function of throttle temperature 
The improvement in performance brought about by the 
addition of separators to the straight condensing cycle 


is indicated in Fig. 9. The addition of a single separator 


not only improves the cycle efficiency but reduces the 
Increasing the number 


turbine-element moisture as well 
of separators continues to reduce the turbine-element 
moisture and to improve the cycle efficiency. However, 
the improvement in performance becomes diminishingly 
smaller as the number of separators is increased above 
that required to limit the moisture to a reasonable value 
Phe effect of back pressure on efficiency and moisture is 
the minimum number of 
steam condition to limit 


presented in Fig. 10 with 


separators necessary at any 
the moisture to an arbitrary value of 12 per cent 


the conditions where 


Lines 
A and B in the figures indicate 
transition is made from one to two and from two to three 
separators, respectively. The remainder of the perform 
ance data is presented with the transition in number of 
separators at the conditions defined by Fig. 10 and with 
a back pressure of 1.5 in. Hg abs 

Performance of the regenerative steam cycles 1s given 
in Fig. | 1 as a function of throttle temperature for various 
numbers of heaters and optimum final feedwater tem 


rhe 


cycle gain in efficiency resulting from the addition of a 


peratures and separator locations regenerative 
heater at optimum final feedwater temperature is less 
than might be expected from experience with conven 
tional cycles. This results from the fact that the sep 
arator cycle with zero heaters has included in it the re 
generative effect from the separator drains. Because of 
the fewer number of turbine stages resulting from the 
reduced available energy of low-temperature steam 
cycles, the number of possible extraction points is limited. 
For this reason and because of the decreasing gain in 
performance from each additional heater, the maximum 


number of heaters considered in this paper 1s three 
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Steam flow to the throttle and condenser in the non 
regenerative-separator cycle is shown in Fig. 12 and 
indicates the large reduction in mass flow as steam tem 
perature is increased. Because of the direct effect of 
exhaust flow on the maximum capability of low-pressure 
turbine cycles, the reduction in condenser flow with in 
The 


condenser 


creased number of separators should be noted 
throttle flow would be the 
flow reduced relative to these nonregenerative values if 


increased and 
regeneration is added. 

As discussed earlier in the paper, exhaust-flow area is 
a limiting factor in the capability of a turbine-generator 
the exhaust-annulus-area re 
a function of throttle temperature for 
nonregenerative-separator The require 
ments are dependent upon the exhaust loss which was 
Btu/lb. With annulus-area 
requirements, the maximum capability based on avail 


unit. Fig. 13 presents 
quirements as 
cycles. area 


assumed to be 20 these 
able present-day annulus area and turbine arrangements 
is Shown in Fig. 14. It must be noted that greater out 
put can be obtained at the expense of reduced efficiency 
by working the low-pressure end to its design limit. 


Conclusion 


rhe performance data as presented in the preceding 
section establish a level and trend which can be antici 
An 
nation of the performance of various cycles with due con 


pated with present-day turbine practice exami- 
sideration to design limitations indicates that saturated 


steam cycles with some means of moisture reduction 
rather than superheated-steam cycles should be utilized 
when the throttle temperature is limited. When com 
pared at constant pressure, the saturated-steam cycle 
with separators is more efficient and less costly than a 
superheat cycle with up to about 100 F superheat 
100 F superheat, the efficiency of the 


superheat cycle increases sufficiently to overcome the 


Somewhat above 


cost advantage of the separator. 

A comparison of the separator and reheat cycles on 
the identical 
cates that the separator cycle is superior to the reheat 
cycle. When reheat to the throttle temperature is pos 
sible, the separator cycle continues to offer cost advan 
tages over the reheat cycle and thus offsets the small im 
efficiency of the reheat cycle. Opti 
mum performance of a separator cycle in which separator 


basis of thermodynamic conditions indi 


provement in 


outlet moistures are equal is obtained when the sepa 
rators are located so as to yield identical turbine-element 
outlet Reduction of separator-outlet mois 
ture to a minimum results in maximum efficiency. The 
performance further indicates that the number of sep 
arators probably should be restricted to the minimum 
number required to produce a tolerable level of turbine 
element-outlet moisture. Methods of improving the 
utilization of the limited available energy of low-tem 
considered 


moistures 


perature steam conditions should be care 
fully. Regenerative feedwater heating is a method that 
offers considerable improvement in performance and in 
creased capability. The drain 
justifiable and forward pumping of the heater drains 
rhe use of steam separators to 


use of coolers appears 
should be considered 
improve cycle efficiency, increase maximum capability, 
and extend turbine life will help to make the utilization 
of low-temperature steam conditions from nuclear power 
sources economically justifiable 
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Fig. 15—Left, internal efficiency of high and intermediate pressure turbine 


elernents and Fig. 17, right, a typical turbine expansion line on a Mollier diagram 


PRESSURE RATIO 


Procedure for Determining Saturated Steam-Cycle Performance 


Cycle Assumption. In order 


data, it is 


to present perlormance 


necessary to assume representative values 
for many of the significant factors which affect the per 
formance of turbine-generator units 

rhe turbine internal efficiencies used in this study are 
15 and 16 


on internal dry-stag: 


shown in Figs These efficiencies are based 


efficiencies realized on units de 
signed and built by the authors’ company for application 
lo utilize the 


a moisture correction of 1.2 


at elevated temperaturt these data in 
region of saturated steam, 
per cent for each average per cent moisture was assumed 
In computing the 
average moisture in the low-pressure element, the mois 
the with 


haust loss included 


to arrive at the final expansion line. 


ture at stateline end-point was used the ex 


The performance iS pre ented in this paper iS based 
At this rating, 
of 1800-rpm and 3600-rpm tur 


on 3600-rpm units of 100-Mw capability 
the 
bine-generator units with identical steam conditions are 


internal efficiencie 


essentially the same For this reason, and because the 


leaving loss (Btu/Ib) is assumed constant, the perform 
ance data as presented 

units. Although the inve 
100-Mw capability, th 
Mw 


tion to 


lso may be applied to 1800-rpm 

tigation was based on units of 
data to 200 
ippreciable error In addi 


rating, 


extension of these 
units mtroduce ne 
the 


it must be recognized that the turbine-flow arrangement 


consideration of speed and unit 


whether tandem or cro with variations in 
the 


on the 


compound, 
end, also will have an effect 


ure 


number of low-pres 
efficient Although numerous combi 
the 


within 


turbine 
resulting variations in cycle 
the the 


nations are possible 


efficiency are well accuracy of issumed 
turbine efficiency 

umed to be constant at 20 Btu/Ib 
with a leaving the last 


1000 fps. This assumption implies a 


Ihe exhaust loss is as 


which coincides velocity from 


turbine stage of 
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different exhaust end each time a cycle variation is intro 
duced. A constant exhaust loss in Btu/lb was adopted 
for reasons of simplicity and suitability to modification 
in the event the reader wishes to introduce other exhaust 
losses in utilizing the performance data presented in this 
paper. 

For all calculations, the assumed values of mechanical 
are 99.0 per cent and 98.8 per 
the 
efficiency, the pumping power is excluded in addition 
rhe drains 
from all steam separators are pumped directly into the 


and generator efficiency 


cent, respectively. In computing turbine-cycle 


to any credit for feed-pump enthalpy rise. 


feedwater for the nongenerative cycle or flashed to a 
feeiwater heater in the regenerative cycles rhe cycle 
Fig. | Where 


separators (or reheaters) are used a pressure drop of five 


arrangements are shown in steam 


per cent is assumed. The condenser-hotwell depression 
is taken as zero 

In all regenerative-cycle investigation, the feedwater 
heater terminal differe:. v is taken at +5 F and +10 F 
for the drain coolers. A pressure drop of 5 per cent is 
assumed between the turbine-extraction points and the 
feedwater heaters. 

Approach. 
line with moisture separators (two stages indicated) 
rhe partial expansion lines, CD and EF, have been ex 
tended to illustrate a single separator and straight con 
is well to note that al 


Fig. 17 shows a typical turbine-expansion 


densing cycle, respectively. It 
though the moisture separator is used as a basis for the 
discussion which follows, the story is equally applicable 
to a reheater. 

With given throttle-inlet back 
sure, points A and F in Fig. 17, there is an infinite num 


conditions and pres 
ber of turbine-expansion lines possible, dependent upon 
the variables necessary to define points B, C, D and & 


rhe variables are as follows 








P.;, Pea, Pes 

Pressure at outlet of separators-——P,,, Pos, Pos. 
Mi, Me, Mas 

Mai, Moz, M 


Pressure at entrance to separators 
Moisture at entrance to separators 
Moisture at outlet of separators 


The numerical subscript refers to the separator stages 
numbered from the throttle 
dynamic-cycle 


To make possible a thermo 
the 
rhe pressure drop through the sep 


investigation number of variables 
must be reduced 
arator (or reheater) was assumed to be 5 per cent of the 
inlet pressure to the separator thus eliminating one of 
the groups of pressure variables. For our purpose it is 
convenient to eliminate the outlet-pressure variable 
In conjunction with the slope of the turbine-expansion 
line which is established by turbine efficiency, it will be 
noted that fixing any two of the three remaining vari 
ables serves to establish the third. Thus the number 
of variables can be reduced to two times the number of 
separators with given throttle conditions and back pres 
sure. For simplicity in the initial multiple-separator in 
vestigation, the moistures at the separator inlets were 
equal as was the moisture at the separator outlet. This 
procedure reduced the number of variables to two; the 
With this 
cedure the optimum separator location was found to 
moisture 


separator-inlet and outlet moistures pro 


exist where the low-pressure end-point was 
identical to that at the separator inlets with all separator 
outlet moistures identical. 

rhis fact is illustrated graphically in the single-sepa 
rator nonregenerative cycle by Figs. 4 and 5 which are 
Since the state-line 
the 


separators, it becomes quite difficult to illustrate this 


discussed in the body of the paper 
variables increase proportionately to number of 
fact for the multiple-separator cases 

Fig. 18 presents a two-stage separator cycle based on 
600-psia outlets 
the effect of the separator locations on the cycle effi 


Chis curve was prepared to illustrate 
ciency rhe efficiencies are presented in the form of a 
contour map and show conclusively the great freedom of 
Lines A, B 
and C are constant-moisture lines for the high-pressure 


choice possible in the location of separators 


separator inlet, low-pressure-separator inlet, and tur 
bine-exhaust The 
content (99.2 per cent) for all these lines is the same, 
and it will be noted that their intersection approximates 
as well as can be determined the peak of the contour 
Line X was added to illustrate the path traversed 


end-point, respectively moisture 
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Fig. 18—Two stage separator cycle shows by contour map 
lines the effect of separator position on cycle efficiency 


in the preparation of Figs. 6, 7 and 8 presented in the 
body of the paper. Under this procedure the end-point 
moisture was allowed te deviate from the separator-inlet 
moistures which were all held equal. Again, it will be 
noted that locus X passes through the intersection of the 
identical moisture lines 

Based on the foregoing findings and the fact that the 
contour map is quite flat, the conclusion was drawn that 
the optimum expansion line between throttle conditions 
and back pressure will be found when the high-, inter 
low-pressure element partial expansion 
lines are bounded by constant moisture lines. It was 
assumed further in the remainder of the work that this 
fact would hold for all other steam conditions and mul 


mediate- and 


tiple-separator cycles. The reader will appreciate the 
magnitude of the effort required to present conclusive 
evidence for all cases 

Having reached these conclusions, the final perform- 
ance data were calculated on this basis and presented by 
plotting against throttle temperature. These data utilize 
the optimum thermodynamic-separator location without 
regard to turbine-design restrictions. 
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TUR 
FUEL COFFIN BOGENERATORS 


PUMPS 


ama. *™ 
SECONDARY 
SYSTEM 


HEAT 
EXCHANGE 


STEAM 
PRIMARY GENERATOR 
SODIUM 
SYSTEM 


REACTOR 


Sodium graphite reactor power plant proposed by North American Aviation, Inc. 


Highlights of International Nuclear 
Engineering Congress 


administration Many of the sessions of the Interna 


NDER the 


onsorship of the Nuclear Engineering 
Institute of Chemical 
Engineers, with the University of Michigan acting 
the Nuclear 
Congress was held 


Division of the American 
International Engineering 
it Ann Arbor on June 20-25. More 


) 


ind scientists representing 24 nations 


is host, first 
than 1200 engineers 


were registered for the Congress at which some 90 tech 


nical papers were presented In addition to special 
events which featured addresses by outstanding leaders in 
an “Atoms for Peace” Ex 
Michigan Memorial-Phoenix 
“The Atom Re 


which had as its emphasis the social impact of 


the field of atomic energy, 
position was held, and the 
Project conducted a program entitled 
ports 
itomic energy 

Overall theme for the meeting was ‘Atoms for Peace, 
which made the selection of the University of Michigan 
for the 


In searching for a way to honor the memory 


is host International Congress particularly ap 
propriate 
of University of Michigan students and alumni who gave 
up their lives in World War II, the Michigan Memorial 
Phoenix Project was conceived as a research program in 
Now in its fifth year of 
activity, the Phoenix Project is studying such varied sub 


peacetime uses of atomic energy 


jects as preserving food by radiological means, theoretical 
problems of nuclear reactor design, legal problems arising 


from the use of atomic energy and its impact upon public 
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tional Congress were concerned with these subjects, 


which were of considerable interest to visitors from na 
tions all over the world 

Keynoting the ‘Atoms for Peace’ theme was the 
quet address by Gordon E. Dean, former chairman of the 


He stated that, with 


ban 


U.S. Atomic Energy Commission 
changes now being made in the Atomic Energy Act of 
1946, we must make possible a bold interchange of infor 
mation and materials pertaining to the peaceful uses of 
atomic energy seing aware of the capacity and the de 
that 
free interchange of materials and technical skills with 


free 


sire of other countries to utilize the atom, he felt 
world is necessary to realize the most 
good from atomic energy. He also urged that changes 
Atomic Energy Act of 1946 to permit 
American industrial firms to sell services and component 


natious of the 
be made in the 


parts for power reactors to other countries desiring to 
build them 

‘Nuclear Development the World Over the 
topic of an address by Oliver Townsend, secretary of 
Atomic Industrial Forum, Inc., who sketched the current 
status of atomic energy developments around the world 


was 


and described some of the factors which seem to influence 
importantly the rate at which this development is going 
The limiting factor in determining 


forward primary 
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how far and how fast a nation can go in building an atomi 
Countries 
with access to natural uranium only have less choice in 


industry is its access to a supply of uranium 


the matter of reactor designs than those which have a 
supply of enriched fuel and pure fissionable material, 
thus putting a premium on a nation’s ability to produce 
enriched uranium and plutonium 

Abstracts of a substantial proportion of the 
presented before the Congress are presented to give our 


papers 


readers a picture of the scope of activity and investiga 
tions now being undertaken in nuclear engineering. It 
will be noted that some of the papers lie in the fields of 
trausfer and fluid 
disposal, and general problems of reactor 


reactor construction materials, heat 
flow, 


design 


waste 

All of these subjects have an important bearing 
but 
heretofore been dealt within specific terms in this publi 


on the development of power reactors have not 


cation. Our readers are invited to express their opinion 
of this broadened coverage of areas that promise to play 
an important part in steam power plants of the future 
Some of the presented be fore the Congress were 
published in the May issue of Chemical Engineering Prog 


paper 
re Che remainder are to appear in three volumes en 
titled which sell for $4.25 each 
may be Institute of 
York 36 


Engineering, 
obtained from the American 
> West 45th Street, New 


“Nuclear 
and 


Chemical Engineers, 


General Problems of Reactor Design 


The Role of 
Design subject of a paper by 
North Aviation, In Phe 
periment represents a tool by which preliminary broad 


Experiments in Reactor 
E. R. Cohen of 


exponential ex 


Exponential 
was the 
Americat 
carried out on contem 
A partial reactor, whose 
small to chain 
milieu for the reac 


parameter surveys may be 


plated reactor core designs 


physical dimensions are too sustain a 


reaction, provides an operating 


tor components. A neutron source (low power reactor) 


provides the “driving force’’ and the geometrical con 
figuration of the test region is controlled in order to reduce 
The theory of the 


exponential experiment and the procedure of data reduc 


the complexity of the interpretation 


tion 1s outlined 

Other types of experiments, not strictly ‘exponential 
m character, but which yield important data in reactor 
design are easily adapted to the exponential facilities 
These include measurement of neutron density variations 
inside uranium fuel rods and in the moderator in between 
diffusion coefficients, diffusion 


rods, measurements of 


areas and neutron ages 


Distributions in 
W. A. Loeb of 
stated that in the 
majority of reactor designs the materials are distributed 
This uniform 


In a paper entitled ‘‘Non-Uniform 
Nuclear Reactors,’ G. Goertzel 
Nuclear Development Associates, Inc., 


and 


in a uniform pattern within the reactor 
material distribution seldom results in a desirable distri 
bution of other important performance parameters such 
as critical mass, heat generation or coolant temperature 
rise, It is pomted out that rather appreciable advan 
tages may be gained by a deliberate redistribution of fuel, 
coolant or poison materials 
rhree examples are given: (1) a fast reactor with uni 
form power generation per coolant passage, (2) a thermal 
reactor with uniform power generation per unit mass of 
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(3) a thermal reactor with uniform power gen 
Methods for calculating 
and the re¢ 


fuel and 
eration per unit volume of core. 
the requisite fuel distributions are indicated 
sulting fuel distributions are shown. 


J. C. Moise of Pratt and Whitney Aircraft Co. pr 
sented a paper under the title, “Application of Analog 
Computer Techniques to Reactor Dynamic Analysis 
Dynamic analysis of a power prolucing nuclear reactor 
involves solution of both the reactor kinetic equations 
and the thermodynamic, hydrodynamic and mechanical 
equations describing the dynamics of all system com 
ponents which influence the reactor’s nuclear behavior 
The non-nuclear 


the behavior of materials within the 


equations include those describing 


reactor core and 
those describing the dynamics of external system com 
ponents which are coupled to the reactor through the flow 
of a heat transfer fluid 


external system are heat exchangers, pumps, 


Typical components of such an 
transmus 
sion lines and turbines. Since the complete system is of 
high order and may include nonlinearities, hand solution 
of the resulting equations would be extremely time-con 
suming if not impossible. This paper describes the ap 
plication of an analog computer to the solution of such a 
system and discusses the information which can readily 


be obtained from this type of work 


rhere is generally a choice of coolants that can be used 
with any given type of reactor, the most suitable one 
, & # 


discussed 


being dependent on the application of the reactor 
Shimazaki of North American Aviation, In 
this subject in a paper entitled ‘‘A Comy irative Evalua 
He stated 
that for a reactor of a central station nuclear power plant 
would be 
feasibility 


tion of Some Coolants for Power Reactors 


the basis for the choice of a reactor coolant 


lowest power cost consistent with technical 


A comparison of power cost for some coolants that can be 
used in a graphite moderated, fixed solid-fuel reactor of a 
T he le 


sirable characteristics of coolants for such a reactor are 


central station steam power plant is presented 


melting point less than 550 F, boiling point higher than 
1200 F, low cost, containable by a conventional struc 

tural metal, low neutron absorption cross section, high 
heat transfer coefficient, low pumping power, moderating 
power, thermal stability, radiation stability, low induced 
radioactivity and non-violent reaction with water 
Among the possible coolants, sodium, bismuth, lead 
bismuth eutectic and the salt, 40 per cent NaNOvr-7 per 
cent NaNO,;-53 per cent KNO,, offer the possibility of 
power at comparable cost, and lead-magnesium eutectic 
offers the possibility of power at a cost somewhat lower 
than sodium. Technical proolems or investigative efforts 


of fairly large order are associated with the use of all 


these coolants except sodiun.. 


Development of Power Reactors 


In a paper entitled “Problems of Power Reactor De 
by W. E. Abbott of North 
structure for 6-mill electric power 
charges for the 


sign American Aviation, 
Inc., a projected cos: 
is given. This includes 


reactor, the cooling system and the power conversion 


investment 


equipment and operating charges for fuel and for opera 


tion and maintenance. Values are derived for the fuel 
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investment charge and the ‘‘burned’’ fuel cost. The 
effects of reactor specific power, plant availability and 
thermal efficiency on the various cost elements are dis- 
cussed. 

The desirable characteristics of nuclear fuels, modera 
tors, reactor structural and shield materials, and coolants 
ire described from the standpvint of the reactor designer 
Prices he may be willing to pay for various materials are 
developed, based on typical parameters for a sodium 
graphite, low enrichment uranium system. Che impor 
tance of the cooling system is discussed and unit equip 
ment costs are derived which make possible generation of 
competitive electric power with a sodium-graphite reac 


tor power plant 


S. E. Beall and C. E. Winters of Oak Ridge National 
Laboratory presented information on the homogenec::s 
reactor experiment carried on at that laboratory over a 
rhis is a pilot plant using an aqueous 
rhe heat-producing chain 
reaction occurred in an 18-in. diameter sphere, and heat 
was removed by pumping the liquid fuel through a U-tube 
steam was gunerated and fed to a 
small turbine-generator When the reactor was 
operated at 1000 kw heat output at 482 F and 1000 psi, a 


two-year period 


solution of uranium as fuel 


heat exchanger where 
unit 
sufficient quantity of 2UU psi steam was produced to 
140 kw electricity 

of the reactor, as a result of its 


generate 
[he inherent safety 
large negative temperature coefficient, was demonstrated 
by increasing the power by a factor of 10° in one second 
Although no mechanical control devices were used, safe 
equilibrium condition was reached in 100 milliseconds 


Four ste ps must be taken before nuclear 
quers the problem of cost and is accepted for large scale 
use in the power industry, according to Titus Le Clair, 
Commonwealth Edison Co., Chicago 


economic approach to nuclear power he stated that the 


power con 


Discussing the 


flour steps are 

| Experience must be gained in the operation of a 
nuclear power plant to permit a lower cost plant design 
and less conservative te selection 

2. The various parts that go into a nuclear power 
plant must be developed so as to reduce capital costs. 

3. The original cost of fuel elements must be brought 
down 

| Long “burn-up”’ of fuel 

he fastest ichieve this will be to build and 
a reactor large enough to run a number of ele 


must be accomplished. 
way to 
operat 
ments a long time for development purposes 
Edison's studies have shown 
a reality in the near future 
however, the fixed 
Power companies 


He said Commonweaith 
that nuclear 
To be 
charges on the plant must be reduced 
who are considering the building of nuclear power plants 


power can be 


economically competitive, 


will only have a real feeling of confidence to proceed 
ifter the first full 
lor imspection 
the laboratory 


[he sooner this step is taken, the quicker will 


ile plant has been built and opened 
[his is the indispensable step between 
iccepted large scale use in the power 
industry 
nuclear power come into widespread economic use 


‘Appraisal of Reactor Systems for Central Station 
Power Plants’’ was the subject of a paper by Theodore 
Stern of Foster Wheeler Corp. A method of applying a 
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common denominator for economic comparison studies 
of nuclear power plants is described. Cost accounting 
rules are set which help compare all the reactor systems 
on the The rules, for uniformity, define 
development and material costs, land requirements, de 
return on and 


same basis. 


preciation, investment, contingencies 
overhead. 

The method of applying a common denominator is 
illustrated by an actual comparison of reactor types to 
determine those systems that can be developed to gen 
nuclear power. The reactor systems 
considered in this appraisal are a pressurized water reac 
tor, a fast plutonium breeder and an aqueous power 


erate economic 


breeder. 

The results of the evaluation show that all of these sys 
tems have good possibilities of being able to compete with 
convertional steam plants, although considerable de 


velopment work is still required to make the costs of 


power “ow enough to interest private capital. 

There are a number of difficulties in the comparison of 
different reactor designs, according to F. T. Miles and 
Irving Kaplan of Brookhaven National Laboratory, 
who presented a paper entitled “Optimizing and Compas 
ing Reactor Designs.’ Reactors for different 
be directly compared. Some designs consider 


purposes 
cannot 
the reactor alone, while others include the necessary re 
processing. One design may consider the use and proc 
essing of a single batch of fuel while another considers 
an eventual steady-state operation. Questions of 
availability of uranium, waste storage, and of necessary 
isotope enrichment are important 

Che procedure adopted in this paper is to set up sev 
eral balance sheets or systems of accounting hese 
kinds of economy may conveniently be considered in the 
following order: neutron economy; fissionable material 
economy; total heat rate; useful power; dollar economy; 
Choice of 


criteria is traced through the past history of reactor de 


and long range conservation of energy sources 


velopment and possible future trends are examined 


Materials of Reactor Construction 


The Technology and Fabrication of Graphite’ was 
the title of a paper by L. D. Loch and J. A. Slyh of Bat 
telle Memorial Institute 
used widely in nuclear development and production, 


Graphite products have been 


chiefly as reactor moderators and reflectors and as cru 
and alloys. Also, 
made in developing 


cible materials for special metals 


considerable progress has been 
graphite for fuel-elernent matrices for high-temperature 
power reactors 

Graphite products are produced commercially from 
selected combinations of many different raw materials. 
Most frequently, however, a petroleum-coke filler is used 
with a coal-tar pitch binder. The materials are 
mixed and formed into shape at temperatures high enough 


Forming may be by 


two 


to impart plasticity to the binder 
extrusion or by molding. The products are gas baked 
and then graphitized at temperatures between 4500 F 
».14 5500 F 

[he properties of graphite which are of particular in 
terest in reactor technology are low thermal-neutron 
absorption cross section, high moderating ratio, high 


sublimation temperature, good thermal conductivity, 
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excellent resistance to thermal shock, high strength and 
resistance to creep at very high temperatures 


J. W. Holladay and J. G. Kura of Battelle Memorial 
Institute presented a paper entitled ‘Melting and Fabri 
Zirconium Excellent 
make zirconium attractive as a 

Because of its reactivity with 


eation of corrosion resistance 


and ready workability 
new structural material 
atmospheric gases and all known crucible refractories, 


zirconium must be consolidated by the special technique 
of are melting in a furnace equipped with a water-cooled 
copper crucible. For production of large-scale ingots, a 
consumable electrode is preferable to an inert electrode 

Zirconium can be forged and rolled readily in air with 
It can be extruded to red and 
Ma 


chining characteristics are similar to those of aluminum 


conventional equipment 
tubing and can also be spun, cupped and drawn 


Joining is achieved by soldering, brazing and welding 

Zirconium may be contaminated by oxygen, nitrogen, 
carbon or hydrogen during processing. Oxygen, nitro 
gen and carbon strengthen zirconium at room tempera 
ture, but the strengthening is lost upon heating to rel 
atively low temperatures. Consequently, zirconium has 
good hot-working characteristics 

Resistance to corrosion of zirconium is excellent in acid, 
alkali and metal chlorides Its resistance to hydrochloric 
and phosphoric acids is outstanding, but it is not resistant 


to sulfuric acid in concentrations exceeding SO per cent 


Radiation Effects on Structural Materials’ was the 
subject of a paper by C. R. Sutton and D. O. Leeser of 
Argonne National Laboratory who stated that resistance 
to radiation damage is the new criterion on which the 
performance of engineering materials for reactor construc 
tion is being judged 

Cheir report is said to be the first open publication on 
actual experimental test results obtained on materials 
Since 


are specialized engineering structures, it 


exposed to radiation damage nuclear reactors 
becomes in 
creasingly important to understand and to evaluate these 
properties 

Che two said that test data indicated that properties 
such as hardness, strength, mechanical and electrical re 
sistance are affected rhe degree of change appears re 
lated to the original condition of the particular materials 
as well as to the radiation dosage and exposure tempera 
ture 

Sutton and Leeser reported that, in general, materials 
show higher yield strengths, lower percentage elongation 
and somewhat higher ductile-brittle transition tempera 
tures Phe temperature of irradiation appears to be im 
portant to the degree that annealing or tempering takes 
place. In other words, those samples which are irra 
diated at elevated temperatures show less effect than do 
those irradiated at essentially room temperature 

They pointed out, however, that, since reactors have 
been in successful operation for some years, there is in 
radiation effects are not 


direct prool that the reactor 


catastrophic However, they emphasized that irradia 
tion effects are real and must be determined quantita 


tively for design use 


Heavy water, or deuterium oxide, is an important ma 


terial for construction of reactors Recently several of 
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the methods for large-scale production have been de 
classified. P. J. Selak and J. Finke of the Savannah 
River Operations Office of the AEC presented a review of 
the water-distillation process with electrolytic final con 
centration, hydrogen-water exchange with an electrolytic 
finishing plant and the liquid hydrogen distillation prox 

The authors expressed the view that the marginal 
cost for heavy water for economical production of nu 
Unit costs currently re 


ess 


clear power is about $40 per lb. 
ported in this country and Europe have ranged from $60 
to $100 per Ib, but it is felt that further development and 
the cost of 


improvements in plant design may bring 


heavy water below $40 per lb 


In a paper entitled ‘Radiation Damage to Water, 
A. O. Allen of Brookhaven National Laboratory stated 
that water may decompose under radiation to give hy 
drogen and oxygen gases and small amounts of hydrogen 
peroxide. The amount of decomposition depends criti 
cally on the nature of the radiation, the kind and amount 
of dissolved materials present and the temperature. De 
struction of dissolved material may proceed to a greater 
extent than that of the water itself The basic theory 
of these effects is briefly outlined. Engineering problems 
resulting from radiation chemical effects in water are 
discussed for various cases in which ordinary or heavy 
water is used in reactors as moderator, coolant or shield 


ing material 


Heat Transfer and Fluid Flow 


“Heat ind Other 
Fluids with Temperature-Dependent Properties’ was 
the title of a paper by Kurt Goldman of Nuclear De 


A new method of analysis is pro 


rransfer to Supercritical Water 


velopment Associates 
posed which may be used to predict heat transfer and 
pressure drop characteristics for fluids with temperature 
dependent properties in fully developed turbulent flow 
rhe new method is a further extension of the Reynolds 
analogy, and its later modifications, between turbulent 
momentum exchange and heat transfer 

Results obtained with the proposed method ar 
to be in good agreement with experimental data obtained 


shown 
for air under high heat fluxes. The proposed method has 
also been used to predict heat transfer and pressure drop 
characteristics for water at 5000 psi flowing turbulently 
through round tubes. The results are given in graphical 
form relating useful heat transfer and shear stress param 
eters to bulk and wall temperatures 


S. L. Fawcett and R. E. Grimble of Battelle Memorial 
Institute, in a paper entitled ‘Use of the Cyclic Heat 
lemperature Variation Method for 
Reactor Heat-Transfer Coefficients,’’ stated that 
method provides a determining the heat 
transfer characteristics of a flow system without requir 


Measurement of 
this 


means of 


ing either the measurement of passage wall temperature 
or a detailed knowledge of the geometry of the flow sys 
tem. Thus, the cyclic method is ideally suited to per 
form many services in the development and operation of 
nuclear reactors which would be very difficult, if not im 
possible, to do in any other way 
The unique requirements of reactor systems often re 

sult in a reactor core design with fuel elements surrounded 
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by irregularly shaped coolant passages. Examples of 


these are pebble beds, noncylindrical rods and mesh con 
The 
nomical way to measure the average heat-transfer coeffi 
The data so obtained are 


hgurations cyclic method offers a rapid and eco 
cients of such configurations 
useful in design calculations and also in comparing dif 
lerent proposed core systems 

During the life of a reactor, it is desirable to determine 
orrosion or scale build-up on 
For 


periodically the amount 0: 
fuel elements and the effect on the heat transfer 
the cyclic heat-transfer technique may be 


applied in several ways 


this purpose, 
From cyclic measurements of a 
removed subassembly, and comparison with a clean sub 
issembly, the average amount of scale build-up may be 
Another way 


by cycling the power le 


inferred to obtain similar information is 


vel of the reactor in operation and 
measuring of the consequent effluent temperature cycles 


The usefulness of the cyclic method is not limited to 


reactor core may be used just as ef 


application It 
the 
any component in the reactor heat-exchange system 


fectively to evaluate heat-transter characteristics of 


Principles of Heat Removal from Nuclear Reactors 
was the title of a pape! by William A. Loeb of Nuclear 
Development Associates There has been much discus 
sion in the nuclear reactor field regarding the possible 
conflict high outlet ind 
high rates of energy removal. Behind this possible con 
flict lie the mechanisms of heat heat 
transfer and heat trans It is pointed out that it is 


between coolant temperature 


basi removal 
port 
the interaction of these two mechanisms that determines 
the extent of the conflict Application of these principles 


to a particular case is outlined. It is also pointed out 
that solid coolants, having high volumetric specific heats, 
may, under certain cond more 


110ns, 


prove superior to 


conventional liquid coolant 


Battelle staff, E. M. Simons, 

Engineering Problems Per 
Reactors.’’ Anhydrous 
because of its low vapor pres 


Another member the 
presented a paper entitled 
to the Use of NaOH in 


molten sodium hydroxide 
- 
| 


tinent 


sure at moderately high temperatures, rather small cross 


thermal neutrons, and sub 


lor neutron 


the « 
hydrogen content 


section tor ipture ol 


tantial moderation ha 


considerable promus¢ reactor liquid It could be 


used as a moderator alone in an enriched reactor; asa 
dition of nuclear fuel in the form 
the 


id tor 


coolant: or, with the ac 


of a solution or slurt combined fuel-moderator 
coolant in a homogeneous re 
been limited to more or k 


inhydrous NaOH has 
Static, 


Chemical plant « with 
open systems with 
h higher than 180 deg F above the 


melting point A host of 


temperatures not muc¢ 
new and difficult engineering 
the design of closed circulat 
up to 1500 F 
of the search for 
tainer materials; component 


problems are encountered in 
Included in 
uitable 


for high-temperature hy 


ing systems lor temperatures 


this paper are dis con 


droxide systems, e.¢ pumps, seals, be irings, V ilves and 


plumbing; and instrumentation for such systems 


Another engineering problem is that of starting up or 
i reactor using sodium hydroxide, which 


605 F | 


shutting down 
melts at 
the system 


eral possible methods of charging 


ind keeping the hydroxide molten are di 


cussed 
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Scale model of atomic research reactor illustrating unitized 
construction and displayed at the ‘‘Atoms for Peace’’ 
Exposition by American Machine & Foundry Co 


Reactors for Research and Education 


Research Reactor Program at the 
William M. Breazeale 
of that institution stated that a proposal had been placed 


Ina paper entitled 
Pennsylvania State University, 


before the AEC covering the design and construction of a 
research reactor, using school funds, and requesting that 
the fuel available If 
the proposal is accepted, the school plans to build a 
The chief 
will contain several horizontal 


Commission make the necessai 


modified swimming pool type of reactor 
change ts that the facility 
beam holes for neutron diffraction work 

he staff « xpects that the uses for the reactor will fall 
analytical work, research and 
for 
provided by the facility but individual experimenters will 


into three main categories 


imstruction Basic facilities experiments will be 
supply their own specialized equipment 

It is hoped that the facility will be completed and in 
operation within a year from the date of the Comuission’s 


swcceptance ol the School's proposal 


J. T. Weills of Argonne National Laboratory presented 
Reactor CP-5 
It is of the 
anium heavy-watér type and is expected to have a ther 
intensity 40 


a description of Research now nearing 


completion at that laboratory enriched ur 


mal neutron times as great as an earlier 
which it rhis 


brought about by selecting a fuel arrangement leading to 


reactor is replacing unprovement is 
i low critical snass and by providing for forced circulation 
cooling 


The fuel is dispersed in aluminum plates 2 ft 


high fen plates are in an assembly through which 
the Twelve of the 
grouped to form a 2-ft dia cylinder at the center of a 
6-ft dia aluminum tank filled with 


Although this fuel core is only about 4 


heavy water passes assemblies are 
water 


the 


heavy 


per cent ol 
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volume of the fuel region in the earlier reactor, the volume 
of high quality neutron intensity is large because the peak 
flux is outside of the core 

Eight beam holes approach or penetrate the region of 
maximum flux along the horizontal midplane of the core 
Two tubes for pneumatically actuated samples pass 
through the region of high intensity just below the fuel 
zone. Below these are two isotope production facilities 
Two holes that are tangent to the core pass completely 
through the reactor structure. A 2-ft-thick graphite zone 
around and below the tank of heavy water affords addi 
tional experimental volume. Two neutron or thermal 
columns extend horizontally from the graphite zone 
Four concentric rings of vertical holes penetrating the 
heavy water and graphite regions complete the experi 
mental facilities 


A high performance research reactor designed by mem 
bers of the staff of Oak Ridge National Laboratory was 
described by Joseph P. Gill, who stated that the under 
lying philosophy is to provide the highest thermal neutron 
flux per dollar invested. The design utilizes an enriched 
uranium, light water-cooled and moderated system simi 
lar to the MTR (Materials Testing Reactor) and BSF 
(Swimming Pool Reactor). The novel features of the 
design include a completely removable beryllium reflector 
of minimum dimensions, the use of a water thermal shield 
and water-filled access holes and a control system ac 
tuated from below the 
operating at power levels up to 10,000 kw and providing 
thermal neutron fluxes of the order of 10'* neutrons pet 
half million 


reactor The cost of this reactor, 


sq cm per sec 15 estimate 1 to be two and one 


dollars 


E, T. Jurney of Los Alamos Scientific Laboratory pre 
sented a paper entitled ‘“The Failure and Disassembly of 
the Los Alamos Fast Reactor 
(approximately 20-kw) research reactor capable of de 
10'* neutrons per 


rhis was a low power 


livering a fast neutron flux of about 
sq cm per sec Its core region consisted of a lattice ar 
rangement of metallic plutonium fuel rods surrounded by 
normal uranium reflector material and cooled by flowing 
mercury Control of the reactor was effected by varying 
the reflector 


sisted of numerous fast neutron ports and 


geometry Experimental facilities con 
a graphite 
thermal column Full power operation of the reactor 
began in 1049 

In December 1952, it be« evident that a fuel rod 
rupture had taken place in the reactor, thereby releasing 


his failure and 


Lith 


plutonium into the mercury coolant 
indications of serious abnormal behavior of the reflector 
material created a hazard in the further operation of the 
reactor and prompted the decision to proceed with a 
complete disassembly 

Special techniques were employed in the disassembly 
to minimize the hazards encountered with the handling 
of free plutonium and fairly large amounts of radio 
activity fhe unloading and storing of the fuel and the 
contaminated mercury the aid of dry 
boxes, and some of the operations were also done with re 
After the core region was un 


was done with 
mote handling systems 
loaded and sealed off, the reactor shield was completely 
removed and the uranium reflector was taken away as a 


unit. 
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Liquid Metal Fuel Reactor 


The preliminary design of a nuclear reactor system 
which could generate electric power, ‘“‘breed”’ new fuel 
for itself, and deliver by-products to waste tanks, all in 
continuous processes, was described by Clarke Williams 
and F. T. Miles of the Atomic Energy Commission's 
Brookhaven Laboratory in a paper entitled ‘Liquid 
Metal Fuel Reactor Systems for Power The system, 
known as LMFR, would provide the first usage of a 
liauid metal alloy, in this case uranium-bismuth, as the 
fuel stream to interconnect continuous processes. The 
uranium used would be of atomic weight 233, a variety, 
or isotope, capable of splitting, or fissioning, as does the 
more commonly known U235. 

Fission of the U233 atoms would occur in the LMFR 
core, a perforated graphite sphere five feet in diameter. 
Considerable heat would be given off in the fission process, 
and would be promptly conveyed by the molten uranium 
bismuth alloy out of the core. To keep alloy inventory 
low, this substance would transfer its heat to liquid so 
dium outside the reactor proper 

Perhaps the most important feature of the LMFR is 
the integration of continuous chemical processing with 
the reactor When 
each fragment, approximately half of the uranium atom, 
is a newly created element of intermediate weight. Some 
of these new products of fission appear as gases. There 
fore, in one LMFR process, part of the molten uranium 
bismuth would be piped off for removal of such gases as 
them out of the liquid 


a heavy atom like U233 fissions, 


xenon and iodine, by “sweeping 
metal with an inert gas such as helium 

In another process, liquid salts such as potassium and 
lithium chloride could be mixed continuously with the 
rhe salts would draw off fission prod 
While 


gaseous and liquid fission products are piped into stor 


bismuth carrier 
ucts while leaving the uranium in the bismuth 
ige tanks, uranium-bearing bismuth would be pumped 
back through the core to continue the production of heat 

Ihe authors listed several advantages which LMFR 
design offers as a source of power. Bismuth is imper 
vious to radiation damage, and transfers heat efficiently. 
As a result, enough fuel could be introduced into the core 
to provide a chain reaction which would produce large 
amounts of heat hus, with proper economy, excess 
neutrons would be available for capture in the blanket 
Here, 
could be 


because of continuous recycling of thorium, all of it 


bred into U233, 


Continuous processing out of fission products would pro 


providing fuel at low cost. 


vide 1 nportant cost reductions overt present methods 


Heat Exchange in a Liquid Metal Fuel Reactor for 
Power’ by Orrington E. Dwyer, also of Brookhaven, ex 
plains the relationship of neutron economy, corrosion, 
erosion and mechanical design to the efficiency with 
which heat is generated in an LMFR core and converted 
to power On the basis of experiments, calculations and 
theory, the paper summarized the advantages and dis 
advantages of internal 
LMFR. ‘In the former, the fuel (uranium) can remain 
inside the core and therein transfer its heat to a primary 
coolant (bismuth). In the latter, the liquid bismuth 
uranium can be circulated continuously to external heat 


versus external cooling in an 


exchangers, where it can transfer its heat to a secondary 
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primary, and in the externally cooled system 


powel 





lead-bismuth-tin alloys have been proposed for two reac 
tor designs, an externally and internally cooled reactor 


design, respectively \ thorium-bismuth 


dispersed in bismuth and lead-bismuth has been suggested 


for a breeder blanket in both reactor designs 


his paper describes some of the properties of liquid 
metal fuel and breeder systems. It introduces the 
cept of using intermetallic compounds dispersed im liquid 


metals for these applications Preparation steps for 


these are described 


Studies in the Uranium-Bismuth Fuel System, 
J. F. Atherton, D. H. Gurinsky, O. F. Kammerer, C. J. 
Klamut, Melvin Silberberg, Bernard Turovlin and J. R. 
Weeks of Brookhaven w 1 paper based on experimental 
work in which several steel pipes shaped in circular loops 
known as “harp were filled with bismuth-uranium 
fuel Each loop was subjected to high te mperature on 
one side, to correspond to the heat the fuel would carry 


as it left the LMFR core 


In some tron-chromium alloy containers, the fuel dis 
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coolant (sodium In the internally cooled system the 


ondary, coolant converts water into steam to generate 


A survey of solutions of uranium and thorium liquid 
metals and dispersions of uranium thorium compounds in 
liquid metals has led to the discovery of several fuel and 
breeder systems useful in reactor design, according to a 
paper entitled ‘Liquid Metal Fuels and Liquid Metal 
Breeder Blankets,’’ by R. J. Teitel, D. H. Gurinsky and 
J. S. Bryner of Brookhaven. A solution of uranium in 
bismuth and a dispersion of a uranium-tin compound in 


solved away so much of the container alloy that the loop 





Liquid metal fuel reactor—schematic diagram showing reactor, stearn plant and chemical processing 


became plugged up. Addition of zirconium and magne 
sium to the fuel virtually eliminated corrosion of con 
tainer alloys. Also, by making a tiny amount of the 
zirconium radioactive, it was determined that this ma 
terial clings to the inside of the loop, thus retarding dis 
solution of iron into the fuel system 


Initial laboratory experiments in miniature established 
that a melted mixture of potassium chloride and lithium 
chloride will remove fission products from liquid bismuth 
without reacting with uranium present in the liquid. It 
thus becomes feasible, in an LMFR, to shunt fission prod 
ucts to storage or processing tanks, and return bis 
muth-uranium fuel to the reactor core This subject 
was discussed by D. W. Bareis, R. H. Wiswall, Jr., and W. 
E. Winsche in a paper entitled ‘The Processing of Liquid 
Bismuth Alloys by Fused Salts 


“Liquid Metal Fuel Reactor Processing Loops’ by 
Chad Raseman and Joel Weisman of Brookhaven was a 
paper concerned with construction materials for fission 
product removal systems Before accepting the method 
of using salts to extract gaseous and liquid fission prod 
ucts, it must be satisfactorily demonstrated in an ex 
periment inside a reactor, However, it was necessary 
first to build and operate several out-of-reactor loops for 
the purpose of testing materials of construction, pumps, 
valves, instrumentation, methods of heating, methods of 
sampling, and many other components and processes, in 
order to insure the integrity of the in-reactor experiment 

Each loop constructed improved with regard to salt 
processing, operation during experiments, and length of 
continuous service rhe fifth loop assembly has cit 
culated fuel and removed fission products continuously, 


A loop 


without interruption, during some 14,000 hours 






















assembly is now being completed for exhaustive testing in 
the Brookhaven reactor 

In the LMFR by Messrs 
Williams and Miles, the thorium-bismuth liquid which is 
pumped out of the breeder blanket is contacted with 


general description of 


melted salts. Fission products are separated out, and 
thorium-bismuth returned to the blanket. A paper en 
titled “‘A Continuously Separating Breeder Blanket Us 
ing Thorium Fluoride’ by F. T. Miles, R. H. Wiswall, 
Jr., R. J. Heus and L. P. Hatch of Brookhaven proposes 
which a solid salt, thorium 
fluoride, is the blanket material. The products would 
be separated out a8 separate gases —on the basis of widely 
different fluoride volabilities—-of the bred material. 

li, one series of experiments, a loop containing thorium 
fluoride was placed in the Brookhaven reactor, and ura 
In one design under 


an alternative process, in 


nium fluoride continuously removed 
consideration the blanket is circulated outside the reac 
tor for cooling and the thorium fluoride is processed in 
the flame of a fluorine torch 


Reactor Operation 


Operation of a nuclear reactor is less complicated and 
less hazardous than the operation of many less impressive 
industrial machines, according to M. E. Ramsey and 
C. D. Cagle of the Oak Ridge National Laboratory 
rheir report was based on the experience with the Oak 
Ridge graphite-moderated normal uranium reactor, 
which began its 11th year as a continuously operating, de 
pendable research and radioisotope-producing tool of 
1, 1953 

rhousands of 
radiation and neutron bombardment effects have been 


science on Nov 
experunents and measurements of 
performed during this time making this one of the most 
productive instruments of science in the early years of 
the atomic age Che reactor was built in 1943 as a L000 
kw pilot plant for the Hanford, Wash., plutonium produc 
ing reactors and continued operation as a research and 
radioactive-isotope producing reactor after its initial 
purpose was served. Early improvements in the cooling 
system allowed the power level to be raised to 3700 kw 
rhroughout its operating history the reactor has suf 
fered only two minor permanent damages. These were 
the loss of two of its 1248 fuel channels due to the diffi 
culty in removing fuel pieces that had broken open be 
cause of fabrication imperfections that had not been 
during inspection. All other 
troubles or failures have been confined to external com- 


detected preinsertion 
ponents of the reactor such as cooling fans and electronic 
circuits 

Ramsey and Cagle reported that direct operation of 
the reactor has been handled in a routine manner for the 
past several years by high-school graduates, whereas in 
itially the operation was thought to demand the presence 
of physicists or engineers. Technical supervision is still 


required. As and knowledge have been 


gained, the number of safeguard shutdown circuits has 
been reduced from 17 to Y and the number of shut 
down rods has been reduced from eight to five 


experience 


Experiences with radioactivity hazards have included 
releases of radioactive noble gases, dust particles and 
beams into the reactor building from experimental equip 
ment but no injuries to personnel resulted. 
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Disposal of Radioactive Wastes 


W. A. Rodger of Argonne National Laboratory pre 
paper entitled “Treatment, Use and Ultimate 
Disposal of Radioactive Wastes A short history of 
philosophy employed in the handling of radioactive 
wastes, since the inception of the industry, is used as a 


sented a 


starting point for this paper 

The distribution of fission product acitivity at time of 
pile discharge is shown. To indicate the potential mag 
nitude of the problem, the accumulation of several long 
lived isotopes over fifty years for various assumed rates 
of production is estimated. Allowable air and water 
tolerances for several isotopes are presented and some 
necessary dispersal areas calculated. 

Potential waste volume accumulations are estimated, 
and various types of storage are discussed. 

Two things are clear. Some ultimate disposal method 
Liquid storage is not it. A reduction to 
Various proposals for doing this are 


must be found. 
solids is necessary 
described and assessed. 

The channeling of fission products into industrial use 
is discussed as a means of reducing the magnitude of the 
disposal problem but not as a final solution 

Two possible methods of disposing of radioactive waste 
products of reactors at off-site points were described by 
Bernard Manowitz and L. P. Hatch of Brookhaven Na 
tional paper entitled “Processes for 
High-Level Waste Disposal. 

One method they described involves evaporating the 
waste to dryness and fusing it into a solid mass, all within 
The second method involves the 


Laboratory in a 


disposable containers 
adsorption of fission products ions on montmorillonite 
clay and the fixation of these ions by heating the clay to 
high temperature 

The authors that 
which involve liquid storage in large underground tanks 


report current disposal methods 
are inadequate for any future reactor sites in populated 
areas, and are, in fact, inadequate as a permanent disposal 
methods even for AEC sites in uninhabited localities 


Metallurgy of Uranium 


In discussing the metallurgy of uranium, H. A. Saller 
and F. A. Rough of Battelle Memorial Institute stated 
that the development of uranium has been handicapped 
by some of its peculiar properties. It is extremely active 
chemically, reacting readily with the atmosphere and 
most crucible materials. Since uranium is anisotropic, 
its mechanical properties are dependent on orientation 
and are greatly affected by variations in fabricating 
techniques 

Satisfactory methods for melting, casting, and fabricat 
ing uranium have been developed to a state that any 
number of fabricated shapes are now available. Ura 
nium machines reasonably well and can be welded and 
brazed. Protective coatings may be put on by electro 
plating, roll cladding, or jacketing. 

There has been considerable interest in uranium alloys 
as a means of increasing strength, improving corrosion 
resistance, lowering the melting point, or diluting en 
riched uranium for power reactors. A number of alloy 
systems have been studied extensively, and a large num 
ber of constitutional diagrams are available. 
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Cy 1400 engineers attended the 
four-day Sem-Annual Meeting of 
the ASME in Pittsburgh, June 21-24 
Among the Inghlight the meeting 
were the announcement { the nomi 
nating commuttec fheers for 
the year 1955, the R V. Wright le 
ture delivered by Raymond R. Tucker 
mayor of St. Louis, M luncheon talk 
Lewis K. Sillcox, president of the 


SME and Crosby Field, fellow of the 
SME, and the main bar 
B. Van Buskirk ice president 
Mellon & Sons of Pittsburgh 
David W R Morgar 
on the headquarters staff of Westing 
house Electric Corp., wa 
the post of pre ident Jam B. Tone 


head of the mechanical e1 


juet speech by 


— > SS Cf 


ice president 
ominated for 


gineering de 
partment of Virginia Polytechnic In 
stitute, was selected for vice president 
Region I\ Ben G 


department of mechanical engineering 


Elliott, chairman, 


University of Wisconsin, for vice presi 
dent, Region VI 
department of 


ind C. H. Shumaker 
industrial 
Methodist, vice 


president, Region VIII Che following 


chairmar 
engineering, Southerr 


were chosen as candidates for director 
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ASME Semi-Annual Meeting 
Convenes at Pittsburgh 


at-large: George A. Hawkins, professor 
of thermodynamics, Purdue University; 
Harold C. R. Carlson, president, The 
Carlson Co; Louis F. Polk, president 
the Sheffield Corp 

he technical sessions covered a num 
ber of areas of interest. Only those 
sessions of interest to the power field 
are reported below 


Piping Design and Considerations 


One of the principal jobs facing the 
designer of large central stations i 
the layout of the steam-piping sy 
tem rhe importance of this job ha 
increased many-fold in the last few 
ears and all indications point to it 
Phe paper 
‘Design of Steam Piping Systems for 
Large Central Stations Applications, 
by R. L. Jackson and L. H. Johnson, 
General Electric Co., pointed up the 
increasing complexity of this job and 
then suggested a method to produce 


continuing its importance 


more efficient designs and savings in 
initial costs 

The general practice 1s to make a 
layout of the piping connecting the 


end points by using intuition and to 


plant operation 
to hear from you 


your future 
| Onwhat tux: 
| you know 


DEARBORN WILI 


If you are 40 or older 


analyze the expansion reactions, tak 
ing into account movements of the end 
point his check for flexibility if 
done by a full elastic analysis becomes 


very complex involving a number of 
simultaneous equations equal to six 
times the number of end points minus 
six plus additional ones for interme 
Many simplifying 
assumptions and short-cut methods 


diate restraints 


have been devised but the authors 
feel a thorough flexibility study is not 
only a definite advantage but fast 
becoming a requisite 

One way of obtaining the necessar 
calculations quickly is to use punched 
card calculating machines or some 
form of an electronic computer \ 
by-product of the knowledge these 
calculations give is the recognition of 
the extent of pipe movements so pipe 
hangers can be intelligently designed. 
Further, a system of restraints can be 
installed to protect smaller piping at 
the end of the main system from mis 
operation of the hangers 

\ second paper on the same general 
subject, “Analysis of Pipe Systems 
with Special Expansion Features, 
by J. E. Donahue, Westinghouse Elec 
tric Corp., covered the devices for 
absorbing movements in a system, 


The devices resemble either a circular 
flat-plate, 


bellows-type expansion 
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nt or a torud-type ex; joint 


with or without tie rod method 


for calculating the stresses in the pip 


ing system parts resulting from axial 


displacement, rotation and pressure 


was presented In addition a method 
of determining in-plane ind out 
tants for the de 


With the fact 


of-plane spring cor 


vices was suggested 
this method produces the author be 
heved the devices can con 


le ny th ol 


ilent length ma 


ertedinto 
in equivalent traight 


Phen thi 


corporated into an 


equi 


tandard mathe 


matical flexibility analysis for a piping 


tem, and the total net end reaction 


ind stress in the tem evaluated 


As the author « x] 
follow custom 


jlained designer 
olten urrent prac 
tice When thermal-expansion prob 


moderate pr ure 


lems arise in 
immediate! 
bellow flu 


joint If the 


man designer 


a conventional 
expansion 
tem expansion parallel to the 


only then one expansion joint 1 


pipe 


used If expansions are both paralle! 


ind lateral to the axis of the pipe ther 


two expansion jomt paced ipart are 
used But 


assumption 


uch a procedure involve 
that should not be 
with high-pressure 


Che author 


made 
piping tem 


upphed a complete se 


of formulas for the analysis of a 


/ er } River Water 
ind B. C. Sprague, 


lower Co pre 


J. Lichtenstein 
Tank & 


‘tne highl 


inrite he 
ented interesting ob 


ervations on a current ubject wu 


their paper “Economic Comparison ot 


River and Cooling Tower Circulatin 
Water 
rhe ratio of heat 


total 


tem 

rejected to the 
heat 
teadily declining, 


condenser to the enterin 


the turbine has been 


ywer plant 
cost of the 


for steam-electric p 
only has the 


equipment for heat rejection 


relative 
heen re 
but the economi of 


duced power 


plant location has also been affected so 
importance of locat 
lake 


diminished 


that the relative 


ing plants along river or other 


large bodies of water ha 


» the question o towers ver 


us river location b } in impor 
tant one 
lo com pare the twe tem itt 


first reduce them to a 
common economic basi Of all the 
included by the 
of least total cost 


total 


necessary to 
combinations two 
ystems the one 
must first be found These 
costs 
cost ol power 


include equipment ipitalized 
requirements and s 
tem capability losses Ihe authors 


described a mathematical method 
and gave derived equations to calcu 
late economic specifications for select 
ing the equipment of least cost 


rhe comparison between cooling 
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DIAMOND 


Flange Connected 


WATER GAUGES 


The Answer to 
High Pressure | 
Gauge Problems 


Flanges eliminate end stems and stuffing 
boxes 

Welded construction assures permanent 
tightness 

Return bend provides greater flexibility 
for expansion 

improved gauge valves for pressures to 
2500 psi 

Support tube eliminates stresses in 
drum nozzie 


Bi-color or clear vision 
Sectional gauge glass reduces breakage 
Single of separated center plate 


As can be seen in the illustration, this different 
engineering approach solves three major 
problems in high pressure water gauges 
tightness expansion and stress and 
glass breakage. Additional important advan 
tages are maximum level visibility with mini 
mum nozzle spacing and more accurate 
reading. The uninsulated bend provides suffi 
cient condensing area to assure active circula 
tion of hot condensate through the gauge. This 
maintains the gauge at higher temperature so 
there is less difference between boiler water 
and gauge water density. That and the shorter 
gauge assure greater accuracy. For further 
information use coupon below 

6707 


~ SPECIALTY corp. 


c-———— 


| DIAMOND pows 
LANCASTER, On) 
Please send me without obligation 

copy of new Bulletin No. 105] e . 

pivining the advantages of Stamend 
ster Gouges and Water Columns 


COMPANY 


| 
| 
| 
| 
| NAME 
| 
| 
| 


ADDRESS 
_ 


DIAMOND POWER SPECIALTY CORP. 


LANCASTER, OHIO 


Diamond Specialty Limited — Windsor 


Ont 








towers and river plants, the author 
always produces 
difference But in most instances thi 

| 


differential can be eliminated 


claimed price 


made negative by various 


sible 
the relative 


with cooling tov 
freedom oft 


( eal fora 


rhe appeal the bulldozer has for the 


power plant operator is that it answer 


the basic requirements of 


i reasonab! 


very well 
coal storage in 
level con 
ing supply rate In the paper by D. 
K. Heiple, Le Tourneau-Westins 
Methods and Costs in 

With crapers and 
fund ntal 


1 then developed in 


meetin 


umption value trom a var 


house Co 
Coal lorage 
Bulldozer thi 


res ognized in 


appe il 
ol the pec | »blem i 
torage pre ented 


The id 


where the 


intage the bulldozer has 
operator increased 
torage in alread 

were tressed and 

follov adding 

height, by making 

shaped stora, ction 
trackage, b 


Kimum ton 


ularl 
imposing no demand 
compat ting 


nage for a impl 


traveling o opera 
tion 

Once the role f the illdozer i 
coal storage had been established the 
author developed its costs of opera 
tion from the simple bulldozer using 
metal blade 


igned 


extensions to spe 
cially de with side 
boards added cle both 
for stacking out and reclaiming were 


sheet 

cTaper;rs 
The working cy 
analyzed and costs per ton of coal 
handled were figured out 4 number 
of illustrations were furnished of bull 
dozers at work 


Nuclear React 


rhe highly field of nu 
clear reactors was presented by thre 
papers covering different aspects 
C. R. Stahl, Knolls Atomic Labora 
paper ‘The Mechanical 
Metal-Cooled Nu 


emphasizing 


interesting 


tory, in his 
Design of Liquid 
clear Reactors’ began by 
that the inexperience of all concerned 
had led to a fundamental analytical 
and experimental approach in design 
ing all the equipment scheduled for 
nuclear energy projects. Yet the de 
sign of liquid-metal nuclear reactors 
ented funda 


iS a case In point, pre 


mentally a problem no different thar 
any other design project 

With the completion of the SIR 
submarine intermediate reactor) de 
sign by the author's company many of 
the critical design areas are knowr 
rhe following points stand out as dif 
ferent from normal design: (a) nuclear 
requirements, (5) heat generations 
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ind cooling thermal 


mechanism problems | 2 for greater 


Small changes in t impuri- 


igner must place clo emical and 


hanical tolerance n criti il parts 


mec 
hese requirement re discussed in 
me detail 


The problems of heat generation SAUERMAN 


nd flow and the role tl volant 


uichYas a liquid metal, received con. | COAL STORAGE 


iderable attention an number ol This 1 44-cu. yd. drag scraper machine moves 60 toh. in or out of the 15,000- 
conditions were ot ' Chermal MACHINES “ae ton stockpile as required 


tresses obvious] ent 1 into the 

considerations and the auth The drag scraper method is the economical way to handle coal. No 
cluded them in his discou Bexey heavy equipment moves through the pile, just the scraper bucket 
the mechanism control pl , and wire rope contact the coal. This lessens power requirements 
briefly touched upot and keeps maintenance at a minimum, since no highly machined 


J. Palladino, Westinghouse parts travel the storage area. 
ision, chose Che Thermal 
A drag scraper machine maintains efficiency for many years. When 


parts are replaced, sheaves, clutch or brake linings, the machine is 
restored to practically new condition, even though it may be twenty 


tf Nuclear Pov ‘ tors 
ubiect n it he developed 
l maximum 
. ahneneunt — ‘a erature or more years old. 
oolant tem tt ¥, pump One man in a safe location, controls the entire operation. Coal is 
ing power and oper tem spread rapidly into well packed layers that discourage spontaneous 
peratures for in t esign « combustion. Saverman coal! storage machines are built in sizes from 
power-producing nuclear Y to 12 cw. yds 
rhe heat I 
tor, according to Mr. Palladin Send now for illustrated Coal Storage Catalog 
generally limited the maximum 


metal-surface mperatur which 7 SAU ER BROS inc. 


turn depend pon corrosion attack 
dangerou eee si U101 550 S. CLINTON ST., CHICAGO 7, iLL. 
Ivins i re O! . 


mum metal 


i generated rly vaghowt | m HIGH PRESSURE 
the reactor an , or today’s 


Sane eee re HIGH TEMPERATURE 


uld intr 


steam stations 


ot ter 4 i ® Foster Type 38-SV Super-Jet Safety Valves for steam ae) Fn . 
he paper il ide { ' ol pressures to 3000 P.S.1. and temperatures to 1100 F r my 

nomenclature i ! r¢ ore designed for boiler drum and superheater out ee! 
mathematical lets, reheoter inlet and oviiets, and, as a relief or 
narametet safety vaive on soot blower installations, turbines 
pressure reducing valve and desuperheater stations 
pror P 
Ope ru Foster Super-Jet Safety Valves are protecting boil 
yw ome : . ‘ ers at 2700 P.S.|. and 1100 F, and are also in service 

ired point ne hemati of pressures os low as 10 P.S.1 

r lopme nt ol nm ext 2! Foster Super-Jet Safety Valves have been selected 
lowable cor 1! tur ri because of their high relevir g capacity, odjusta 
4 third pap p . of bility for minimum blow-down, and consistent pop 


ping at name-plate pressure, The outside frame rod 


construction makes disassembly possible without 

. . disturbing spring setting, permitting inspection and 

F. Langer, vest relapping of seats during a minimum outage time 
Atomic Divisior ed it If he Piston freedom can be checked ot any time with 
twin problem me VEWS YREEr pressure 


ther 


to meet ® Foster Automatic Non-Return Valves Type 27C are 


available for 250 P.S.|. and 475 F; Type 25 for pres 
sures to 900 P.S.I. and temperatures to 900 F 


fluid pressure 

Material 

, Designed to prevent a backflow of steam to a 

ilculation disabled boiler, piston ossembly assures positive 
it-power factor of safety. Main valve and seat rings are 
rincip al designed to permit full free flow of steam when the 


ifference he ‘ valve is in Operation j 
1 stre ind tne 1ent use Foster Non-Return Valves hove been in /qqytmummy 
service since 1900 and today ore installed in { 15 


major steam plants throughout the country. 


FOSTER ENGINEERING COMPANY 
835 LEHIGH AVE UNION, WN. J. 


therma 
of unfamiliar n ial I his paper 
the author presented a method to com 
bine the stre luced fluid 
pressure with 


thermal gr pes : | ; ; rs rf AUTOMATIC VALVES i SAFETY ’ V 


le factor wz Sy: 
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Inside a boiler you cant improve on new steel 

or steel newly cleaned. All you can hope to do is 
keep it that way—-a task that often tries every known 
resource of boiler operation and maintenance 


Against the metal-destroying forces that can be 
unleashed inside steam-generating pressure vessels, 
there is one unique defense—unique because 


nothing else duplicates its service inside a boiler 


Apexior Number 1, the brush-applied boiler coating 
ends water-metal contact—isolates new or newly 
cleaned steel beneath a surface immune to corrosive 
action and resistant to operating deposits. It stays 
on the job thereafter, without benefit of human or 
mechanical attention, to hold internal surfaces at 


peak steaming efficiency 


Maintaining boiler status quo 1s an assignment 
Apexior has carried out successfully now for thirty 
six years for those who design, insure and operate 
every type of industrial and central-station power 
plant 


You pay even less today to protect the boiler that 

costs so much more to install and operate. Apexior 

Number | is now a one-coat material. You need less 
it costs less to apply 


Internal boiler protection is only one of Dampney’s 
diversified corrosion-control activities. Dampney 
Coating Systems for specified end-use service pro 
tect cooling towers—intake water structures—pipe 
line interiors, For a recommendation to meet your 
requirements, write 





Bi ih off 
MAINTENANCE 
FOR METAL 
ce 6. ? i. ¥ 


HYDE PARK. BOSTON 36. MASSACHUSETTS 


encompasses the relative design im 
portance of ductility, creep, endur 


ince limit, creep-rupture streng im 
pact-strength and notch sensitivity 


(ad Turbine 


Iwo engineers outlined different 
idaptations of the gas turbine in in 
dustry Benjamin Miller, consultin,s 


engineer, proposed a number of econ 


mies in his paper ‘‘Gas Turbine Pro 
esses Using Added Steam 

His computations showed that 
conventional gas turbine rated 
hp at 25 per cent thermal efficien 
can have its output increase: 
hp at 29 per cent thermal ef 
b adding team genet 
nent costing considera 
one-fifth the cost of U 
plant 

Hans Pfenninger, brown-Boveri 
& Co., discussed “Operating Experi 
ence with Gas-Turbine Plants in the 
teel Industry 

Mr. Pfenninger discussed the operat 
ing maintenance histories ol gas tur 
bines operating on blast furnace gas 1n 
the steel industr Reviewing the 
records of the € plant Dp unted out 
that the gas turbine shows real prom 
ise as a useful power plant for the 
teel industry, and that it can compete 
uccessfully with other prime movers 

4 number of installations of gas 
turbine n the duties ol 
longer established prime movers wert 
presented and operating results ex 
plained Some of these traditional 
duts will definite] be | irped if 
cording to the author, by the gas tur 
bine because of its advantoges 

In conclusion the principal figure 
for a modern gas-turbine plant for 
power generation and fitted with a 
combined burner tor | t furnace ga 
and oil-firing were off d Such a 
plant for a 10,000 kw minal output 
was said to cost in irope about $90 
per kw excluding 


but including steel 


overall th 





PETER F. LOFTUS 
CORPORATION 


Engineering and Architec- 
tural Consultants and 
Designers 


First National Bank Bidg., 
Pittsburgh 22, Pennsylvania 


Cable Address— 
“LOFTUS = Pittsburgh’”’ 
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exhaust 
6 Ib 


ig If this 
uded in the 


herm al eth 


ent 


FUEL 


OIL 
UNITS 


in this plant 


\ three on air pollu 
tion studi onfin tself primarily 
with stack discharge problems. Gor- 
don H. Strom and James Halitsky of 
New York University examined the 
theoretical bases for wind-tunnel ex 
periments on stach ollution and 
presented the important variables and 
cale factor ilt for the 
efiects of the ir ide an in 
teresting part 
Phe authe i | the test pro 
t! ‘ew \ niversity 
Field data 


llected and 
result to 


up—has no heater. The capacity is 3 


Here is a typical 2 unit installation of 
gpm of No. 2 oil at 300 psig pressure 


Enco fuel oil pump sets—selected to 
take care of all the requirements of a 
building materials manufacturer. 

The Large Unit has 2 pumps and 
2 heaters, completely automatic and 
arranged for operation with either 


cedure 1 

All Enco sets are individually de- 
signed, each for specific plant condi- 
tions—for easy installation, low 
maintenance and minimum carefree 
Operation, 


1 indication of tl iccuracy of 


he wind-tunnel exper 


George Haines and W. C. L. Hem- 
eon, Industrial H e Foundation 


presented a | I eT 1 New 


heater, or either pump—or both. With 
one heater and pump the capacity is 
11 gpm Bunker C oil at 300 psig pres- 
sure, and temperature rise from 90F 


Complete details including the 10 
important features of Enco fuel oil 


heating and pumping sets are in 
Bulletin OBS3. Copies gladly sent 
upon request. 


4 | ? nT 
Method f{ Ch impling to 230F 


and were = The Small Unit is for cold starting 


THE ENGINEER COMPANY, 75 West Street, New York 6, N. Y. 


In Canada: Rock Utilities Ltd., 80 Jean Talon St. W., Montreal, P. Q. 
Palser Enterprises, 378 York St., London, Ontario 


iuthor 
at the 


] 
olurme “c-t07 


Modern Design for ire 


MODERN COAL 


duct of 
and a ! é mnecting 
» the ne ( r \ ibiect to 


number hazard 


within the 
The Fairmont Coal Bureau has made available to consulting engi- 
neers and equipment manufacturers « TYPICAL DESIGN for the 
small industrial steam plant. Prepared as a guide to good engi- 
neering it achieves maximum economy of investment and engineering 


costs, while featuring: 


q 
ae 


: @ Fuel flexibility 
@ High efficiency 


i therein @ Low fuel costs 
ive studies 

nitude of @ Minimum labor requirements 
i a pro 
@ Cleanliness, Automaticity, Reliability 








technique 


Fairmont Pittsburgh Seam Coal is the MODERN COAL. Enormous reserves aad 
inherently favorable mining conditions guarantee ample supply and low production 


cost. Modern mining and preparation faciiitics assure uniform quality 
Bureau engineers are freely available to help you solve fuel and 


Fairmont Coal 
Write for Technical Reference Bulletins and other valuable 


combustion problems. 


publications 


FAIRMONT COAL BUREAU 


Dept. JYC, 122 East 42nd St., New York 17, N. Y. 
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You can’t weigh coal 

in any scale until you 

get it through the inlet. 

Richardson engineers 

have concluded that the _ 

only sure way to keep wet, fine 

coal flowing—without shakers or 

vibrators—is to make that inlet BIG ENOUGH. 

So they opened up the “wasp waist” to a full 24” x 24”, and 

around it they built the best coal scale it was possible to 

develop from fifty years’ experience, the Richardson H-39. 
If you're interested in maximum coal scale efficiency at 

wholly reasonable cost, specify a 24” x 24” minimum, and 

know that your coal will flow. That is the starting point from 

which the H-39 is soundly engineered in every feature, every 

detail, It’s built as a coal scale should be, from the inside out, 

with a full 4 square feet of inlet. Get all the details, mechanical 

specifications, and drawings in Bulletin 0352. 


RICHARDSON SCALE COMPANY 
Clifton, New Jersey 


Atlanta * Boston * Buffalo * Chicago 
Detroit * Houston * Memphis * Minneapolis 
New York * Omaha * Philadelphia * Pitts- 
burgh * San Francisco * Wichita * Montreal 
Terento * San Juan * Havana * Mexico City 





New Catalogs 


and Bulletins 


Any of these may be secured by writing 
ombustion Publishing Company, 200 
Madison Avenue, New York 16, N. Y 











Water Columns 


729 


A new product data unit, No. 232 
describes, illustrates and gives speci 
fications on the Jerguson Gage & Valve 
Co.'s water columns. The principl 
of operations and features that assure 
positive alarm signals if boiler water 
falls too low or rises too high are ex 
plained 


Heat Exchangers 


rhe diversified heat exchanger prod 
ucts of the Davis Engineering Corp. are 
brought together for ready reference in a 
new 20-page Bulletin 1000 under the 
major headings of chemical, industrial, 
power plant, and marine. Full tech 
nical description of the exchangers ac 
companies the over fifty illustrations 


Pneumatic Transmitter 


Low-head, differential-pressure pneu 
matic transmitter designed particularly 
for measuring liquid fuels, and the auto 
matic control of the fuel-air ratio is 
described in the Hagan Corp.'s 4-page 
Bulletin 2753. Other features include 
construction details and cutaway view 
showing the specially designed no 
sealing-fluid measuring assembly, 


Monel Properties 


\ new 8-page technical booklet on 
the engineering properties of S 
Monel has just been issued by the De 
velopment and Research Div. of the 
International Nickel Co., Inc rhis 
material is an age-hardenable casting 
alloy that provides strength, hardness 
and anti-galling properties at tempera- 
tures up to 1100 F in addition to the 
general corrosion resistance of Monel 


Emergency Lighting 


Designed to assist architects, builders 
contractors and engineers needing help 
in selecting emergency lighting equip 
ment, the 4-page bulletin, Form 4808 
put out by the Exide Industrial Div. of 
Electric Storage Battery Co. includes 
schematics, layouts and illustrations of 
typical installations and is supple 
mented by suggested specifications con 
forming with sections of the recently 
revised National Electrical Code for 
6-volt emergency lighting equipment 
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High Temperature Water 


meno oon oven o Bagt by Test and Performance 


STICe 


the field of heat transfert igh tempera 
ture hot water, make ip the subject 
matter of a new lf uge bulletin, No 
OO. now uilable rough American 
H ydrothern Lor it a ses and 
illustrate ippli t I large area 
installation uch as distru heating 


uirport 


Lagging Adhesives 


\ rather specia roduct in the field 
hrinking, siz1 inding and pro 
tecting insulatior it of lagging ad 
hesive 1 red in tl t-page tech 
cal bulleti N Vj \. LA. File 
No. 37-D) published the General 
Paint Cory | tin describes the 
manutacturer (dl \ rte ind de 


tails some of i 


High Alloy Castings 


To aid designers in the use of high 
alloy casting tl AL stings In 
stitute has made le a 7-page re 
print of the paper Le ince of Cast 
Fe-Cr-Ni Allo to Oxidizing and Re 
ducing Flue Gas Atmosphere by | 
H. Jackson lunder, O. E 
Harder and J. T. Gow, presented origi 
nally before the ASME and appearing in 
August 1953 Tt 


Pipe Machines 


Selling features, dimensions, operating 
capacitic¢ ordert pecifications, dies 
available and accessories for five pipe 
machine nd power drives appear in 
the new |6-page Power Machine Cata 
log of the Beaver Pipe Tool«, Inc \ 
number of model re illustrated and 
described along with a universal nipple 
chuck as a featured act ory for all the 
manufacturer 





CHEMICAL ENGINEER 
WANTED 


The Tennessee Valley Authority 
needs an experienced boiler feed- 
water control engineer for high- 
temperature steam plants in its Divi- 
sion of Power Operations located at 
Chattanooga, Tennessee. This is a 
staff engineering position Salary 
range, $4735—$6575, depending 
upon training and experience. Ap- 
plicants must have a college degree 
in Chemical Engineering or equiva- 
lent. Retirement benefits, annual 
and sick leave, 40-hour week. 


Write to the 
Tennessee Valley Authority 
Division of Personnel 
Knoxville or Chattanooga, 
Tennessee 
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Easier to Work and Finish 

Mix Stie-Tite with water and you get a plastic cement 
that’s easy to work and finish smooth over block or 
blanket insulation on all types of heating equipment, 


} around pipes, fittings and difficult shapes. 


Sticks Tight ¢ Durable 


Applied to any required thickness over any clean sur- 
face—hot or cold—Stic-Tite quickly drives to an air- 
tight, strong, resilient, tough covering that stays on. It 
does not lift off or shake loose, even under vibration, 


abrasion or impact in normal operation. 


Covers Better 
Stic-Tite is truly economical. It covers at least 45 sq. ft., 
one inch thick, per 100 Ibs. of material. 


Saves More Heat 

Stic-Tite is the most efficient of plastic insulations. Its 
insulating value is indestructible under practically all 
service conditions up to 1800° F. Cover those flanges, 
fittings and other base surfaces with as little as 1'4” 
thickness of Stic-Tite and you save at least 90% of the 


heat loss. 


Easily Reclaimable 

Stic-Tite need never be wasted or discarded, even if 
removed for equipment repairs. Easily crushed and 
remixed with fresh water, it can be reapplied as before. 


Convince Yourself 
Make Your Own Test 
Write for 


Free Sample Bag 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET @ NEW YORK 5, N. Y, 





Wherever heat, 





light or power 


is needed 


SEE 


Old Ben Coal Corporation / Chicago 4, Illinois 
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Oxygen content of the flue gases is generally recognized as the most direct 
and accurate index of correct air-fuel ratio. Optimum results, however, 
require: 

(1) An Analyzer that is accurate, dependable, field-proven. 


(2) A Sampling System that is simple, responsive, trouble-free. 


Oxygen has a high magnetic susceptibility. The Arnold O. Beckman 
Oxygen Analyzer is the ONLY oxygen analyzer that measures total mag 
netic susceptibility directly. It is the ONLY Analyzer providing a direct 
physical measurement of the oxygen content itself. No filaments, chem 
icals, catalysts, glassware or other complications found in conventional 


secondary methods of measurement are required! 


As shown at left, a small dumbbell is suspended in a mag 
netic field. The sample gas surrounds this dumbbell. If the 
sample gas contains oxygen, it is drawn into the magnetic 
field, causing the dumbbell to rotate into or out of the 
magnetic field, depending directly upon oxygen content of 
the gas itself. A beam of light, reflected by a mirror at 
tached to this dumbbell, actuates phototubes. With simple 
electrical circuits, the dumbbell is repositioned to its null 
point by a voltage. This voltage is proportional to the 
oxygen content and can operate any standard recorder of 
indicator. /t's as simple and positive as that! 

This revolutionary Analyzer permits a completely new 
approach in Arnold O, Beckman Sampling Systems and 
accessory equipment — systems carefully engineered to 
meet the most difficult requirements of the power industry 
They are unusually simple, trouble-free, and readily adapt 
able to various operating requirements 


Get the full story on this remarkable new 
advancement in Oxygen Analyzers. Write for Data 
File 10-F-74. No obligation, of course 


Features of the Beckman Model F-3 


SELECTIVITY High! ensitive to oxygen. Effects of gases 
other than oxygen are negligible. 

MANY RANGES Combustion ranges include 0-5 , 0-10%, 
00-15%, and are provided with a second range of 0-25% 
Other ranges up to 0-100% 04 are available. Calibration 
of the Model F-3 is strictly lir~ar and scale is accurate 


LOW MAINTENANCE Compleicly insulated against ex- 
treme shock and vibration. Nc chemicals, no catalysts to 
repienish. No wicks, filaments, orifices, valves, etc., to 
clean and replace 

STANDARD RECORDERS Any siandard industrial potentio- 
meter recorder or pneumatic receiver can be used, 


over the entire rang 

HIGH ACCURACY of full scale for spans of 5% and 
greater. Accu vithin .OS% O» on 0-5% range are 
available 

AIR CHECK Simple positive check of proper operation by 
recording the air point on the second range 

SIMPLE SAMPLING Independent of flow rate. Nothing is Gunold, (} B 

added to the sample. The sample may be dry or saturated. es 

Corrosive gases will not poison the instrument. Only a vi of Indust / 
small sample (3-15 cu. in./min.) is required. 
1020 MISSION STREET 


SOUTH PASADENA, CALIFORNIA 
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“ABRASIVE WEAR 
SHARPLY REDUCED” 


For longer service in pump casings, 
pipes, fittings and other parts sub- 
ject to abrasion, install castings of 
ABK Metal. A nickel-chrome iron 
of controlled structure, ABK 
Metal is produced only by Amer- 
ican Brake Shoe Co 


Time after time, on installation 
after installation, reports show 
that ABK Metal is the most eco- 
nomical material for handling ash. 
The ultimate saving on replace- 


QUALITY CASTINGS IN 


Brake Shoe 


/ 


ment parts alone is appreciable. 
The saving in maintenance and 
shut-downs may be even higher. 


Extended life of 4 or 5 to 1 is not 
unusual when ABK Metal replaces 
other iron castings—especially in 
those ash handling or disposal sys- 
tems where the most severe type 
o¢ abrasion is encountered. Don’t 
let ABRASION steal your opera- 
ting dollars... SPECIFY ABK 
METAL. 
DUCTALLOY 


MEEHANITE 
ABK METAL 


BRAKE SHOE AND CASTINGS DIVISION 


230 Park Avenue, New York 17, N.Y. 


— | 
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Isolated Circuits Do the Trick! 


Give you prompt, 
positive . 


> fuel cut-out 
> low water alarm 
> high water alarm 
» pump start 
> pump stop 


or selection of these facilities) 


v Levalarm EA15 supplies quick fuel 
cut-out on the two 200 psi boilers at 
Toledo University. 


Reliance Electrode-Type Levalarms 
for pressures up to 1100 psi. 


You can operate alarms and fuel cut-out, 
start and stop pumps by means of these lat- iy? 
est Reliance devices. Installed on or in the 
water column, the four models of the new 
Levalarms provide a desirable selection for 
various control combinations on boiler 


pressure from the lowest to 1100 psi. 





They're ideal for use on package boilers, 


Operated by relays and special transformer- How electrodes are in- 

be il ; lal stalled in water column 

created currents, Levalarms are entirely ead (and protected by 

electrical — have no bellows or stuffing — for Levalarms EA17 
and 18. 


boxes, vacuum tubes or magnets. They take 
their commands from the boiler water it- 


self, as it rises or falls in the water column. 


It’s easier to understand these devices by 
reading the special catalog bulletin D2, 


completely illustrated. Please write for it. 


The Reliance Gauge Column Company 
5902 Carnegie Avenue © Cleveland 3, Ohio 


The name Thal introduced aufeiy waltr columns ....st 1880 
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water circulated through 
each half of inner sleeve — 


S ZL ZL (1 W YJ H. ot and _——— eo peselay of water leah 
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You need the BEST fans obtainable 
~~ if your job is mechanical draft — or 
you require high or medium high tem- 







perature fans in production 


Fans built by Clarage for these 
tough jobs are heavier through- 







out—wheels statically and dynami- 






cally balanced, bearings of supe- 






rior design. Operating economy 


and longer service without repairs 






are the natural results 










You do BETTER when you come 


to Clarage with any problem in 






this specialized field 





ENTIRE 
HOUSING TWILL 


weided trom heavy FAN WHEEL SUPPORT 


gouge stee rigidly 
braced by heavy angles practically one piece 
welded assembly with 


mossive cast iron struc 
ture provides permanent 
nearly twice the strength 

alignment to bearings 
of wheels with shallow 


C 0 0 L | y G blades wheel and shoft 
AIR DUCT 


SAFETY guides air flow and ° 
GUARD - ieee §€6©1) High Temperature Fans 
heat 
rotects cooling Type RT fan (shown above with quarter-section re- 





p 






whe 


moved) is built to handle air or other gases at any 






temperature required in power plant work, and to meet 









many industrial needs. Superior design assures sus 






tained high efficiency, and superior construction makes 








for trouble-free service far beyond ordinary standards 


2) Medium Temperature Fans 
Clarage has a unique feature AIR COOLED bear 


ings which are good for continuous operation at tem 





peratures to 750°F. Air Cooled bearings are highly 






successful, easy to maintain, and they reduce overall 


a fan cost substantially 
COOLING FAN . : 
neunred en fon chok Ca. Clarage Air Cooled bearings can be used with 


yiates ao ond reduces 







absolute confidence. 






tempera 


mpte, depend 


Reapensive CLARAGE FAN COMPANY, Kalamazoo, Mich. 


C 












You can Rely on... 
Headquarters for 


LARAGE eile. 


Conditioning Equipment 
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owstatws  Keasons Why DIAMOND BLOWERS 
Assure CLEANER BOILERS at LOWER COST 


The lance tube of the Diamond Model IK Long Retracting Blower 
is propelled into the furnace by the carriage which is driven by 
a rugged pinion gear that engages a heavy rack. Gearing will 


stall lance in event of motor failure during blowing. This is the 
ultimate in safety and reliability. 
Other reasons for the superior performance of the Model IK 
are: (1) single motor drive (one motor simultaneously propels 
GEA R the carriage and rotates the lance); (2) mechanically operated 
poppet valve provides simple, positive and accurate control of 
blowing medium (air or steam); (3) integral adjustable pressure 


control for maximum blowing economy. Write for Bulletin 1080V 
for additional information. 


Diamond Blowers provide better boiler cleaning at lower cost 
... that is why they are used and preferred by the great 
majority of steam power plants, both large and small. 


DIAMOND POWER SPECIALTY CORPORATION DIAMOND SPECIALTY LIMITED 
LANCASTER, OHIO WINDSOR, ONTARIO 











(At right) Diamond Model IK Long = 
Travel Retracting Blower with single a / 
air motor drive. Single electric motor 
drive also available. 








Nev you a fly ash recovery problem? 


If you have any kind of a suspension-recovery problem— 
whether dust, fly ash, fume, fog or mists—it will pay you to bring it to 
a the leading organization in the field ... Westenn Precipitation 
i, i Corporation, Western Precipitation not only pioneered, over 44 
years ago, the first commercial application of the now-famous 
Corrre.t Electrical Precipitators, but also has been a leader for many 
years in the mechanical recovery field with its widely-accepted 


WESTERN PRECIPITATION © wtcncose Cotcerors 


Result: 
... The Only Organization With Years 
Western Precipitation is unsurpassed in the all-important 


Of “Know-How” In BOTH Electrical factor of “know-how” in sotn the electrical and mechanical fields 
... knows from years of first-hand experience whether your particular 


And Mechanical Recovery Methods! problem can best be solved by mechenical or electrical methods— 
or by a combination of the two... can give you a direct and unbiased 
recommendation on the matter .. . and then can provide the com- 
plete installation under one responsibility, one overall performance 
guarantee, even where Combination Multiclone-Precipitator 


(CMP) installations are made! 


Western Precipitation products and services include... 



































COTTRELL MULTICLONE CMP UNITS 


Electrical Precipitators Mechanical Collectors (Combination Multiclone-Precipitator) 


the most efficient recovery equipment for the most efficient, most compact, most combine n one compact installation, b 


high recovery, long life, low maintenance on trouble-free mechanical equipment for recover- t 
practically any type of suspensions, wet or dry ing suspensions from gases. Because of their that maximum benefit is obtained from the ad- 
COoTTRELLS can be designed to handle a few c.f{.m unique small-tube design, MULTICLONES are un- vantages inherent in each method. The Mu tt!- 

or millions—with equal ease, and at virtually surpassed in mechanical recovery efficiencies cLo 
any operating temperature. Recovery efficiencies require less space, less maintenance, and are far and heavier suspensions (down to a few microns 
closely approach 100% recovery, if desired, with impler to install. No filters or screens to replace in diamet . and the Corrrert section then 
very low draft loss, minimum power costs and nothing to burn or cause fire hazards, no high electrica removes the very small particles re- 


negligible labor costs. By all standards, Western peed moving parts to repair or replace. These maining in the gases. Thus, the bulk of the 
recovery is obtained with relatively low-cost 


me nical and electrical recovery principles so 


we section centrifugally removes the larger 


Precipitation CoTTre.ts give highest re« ery at and many other advantages make MULTICLOD 
lowest cost per-year-of-service! Collectors the logical choice on installation equipment, and the final clean-up is obtained 
where mechanical recovery is selected wit t having unusually high recovery 
efficie y—-approaching theoretically perfect, if 


d every 


ectrical 
Send for descriptive literature! 


WESTERN 
E CORPORATION 


Let our experienced engineers study your recovery + Re 8 sLanbecereneulia aaa aan 


COLLECTION OF SUSPENDED MATERIALS FROM Casts @ Lignin 








requirements and make an unbiased recommendation on the 
equipment best suited to your particular problem. Main Offices: 1622 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
A wire, phone call or letter to our nearest office places this unique CHRYSLER BLOG, NEW YORK I7 + | N. Lo SALLE ST 8LDG., CHICAGO 2 


“know-how” at your service, without obligation. 1429 PEACHTREE ST. NE 
PRECIPITATION CO. OF CANADA, LTD., DOMINION SQ. BLDG., MONTREAL 


ATLANTA 5 « HOBART BLOG., SAN FRANCISCO 4 
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